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THE 


HE general Part of what I 
We 8 bere offer to the Publick was 

firſt written for the Uſe of | 
my Scholars; there being no 
B ook extant that render d the & ubjett 

ſufficiently intelligible to ſuch as had 1 

made but a ſmall Progreſs in Mathema- 

ticls. 

Though I am far from thinking my 
ſelf rhe of” * Perſon to undertake a 
Task 


vi The PREFACE. 

Task of this Rind, I am of Opinion 
fach as could perform ir better, wi 
not be the firſt in fndimg Fault, and am 
confident my weak Endeavours will be 
very — — zo low Proficients who 
are real Lovers of this Kind of Learn- 


718 


the kind Sentiments of the learned and 
beſt Judges of the Subject: As well be- 
cauſe I have given ſeveral Things intire- 
ly new, and reſolve ſeveral Problems 


never before inſiſted on, as that I have 


rendered the Solutions of moſs of the 


common Caſes in Cical Gunne 

much ſhorter and E= — than Jo. 
. by; having made ſeveral Things obvi- 
ous by Inſpection, whoſe Demonſtrati- 
ons, by the beſs Geometer that ever 
wrote for the Uſe of practical En- 
gmeers, were drawn from an ad- 


fected Duadratick Equation, raisd 


from a0 lee of the Parabola = 
pos'd to be known, or from pretty arf- 


ficult 


1 alſo flatter my ſelf with Hopes of 


Pn 


— —— —_— ³ A A 
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feeult Lemmata. And though he has ro- 
dc d to a few Pages what before made 
no ſmall Volume, I am perſuaded he 
would not only excuſe but approve any 
ones Labour, though it occupied a lors 
more Paper, who had deduced thoſe 
Rules, and demonſtrated all the Laws 
of Motion and Properties of the Para- 
bola requiſite to the Knowledge of them, 
from na higher Principles than ſimple 

Equations, and thoſe of plain Trigons- 
metry. 

Let none think I am here preferring, 
or any Way comparing my ſelf to the 
learned Dr. Halley. I am ſo far from 
having that Vanity, that I am per- 
ſuaded, if he had taken half the Time 
or Pais I have taken to level that 
Subject to lower Capacities, his vou 
have render d the Endeavours of much 
abler Pens than mine vain and uſeleſs. 

And here to obviate ſome Objections 
that may be made, particularly, that 

have made no Allowance for the Re- 


ſ[iſtance 


—— — 


vii The PREFACE. 
ſiſtance of the Aw, and ſup "poſe the. 
Lines of deſcent of heavy Bodies to be 
parallel io each other, © ſhall give the 
Opmion of rhat celebrated Author who 
fays, 

Nis certain that in large Shot of 
Metal, whoſe Weight many thouſand 
© Times. ſurpaſſes — of the ot and 

* whoſe Force is very great in Propor- 
a * er to the Surface wherewinh they 

preſs thereon, this Oppoſition, or Re- 
l 3 72 of the Arr, is ſcarcely dif- 
© cermble. 

* And ſince the Arch of our Earth 
over which any of our Hngines can 
* caſt a Project, is ſo very ſmall, we 
© may well enough ſuppoſe the Deſcent 
© of heavy Bodies to be in parallel 
Lines, the Difference being ſo ſmall 
as by no Means to be diſcover d in 
* Prattice. 

Aud the ingenious Dr. Keill who 
wrote lately of Projectiles in his ſmall 
but excellent Treatiſe of natural Philo- 


ſophy 
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fapby makes na Computation or Allow- 
auce for euher. 


Tis true the immortal Sir Iſaac New- 
ton /hews how thoſe Things may be com- 


puted, and what the projectile Curve 


aiffers from a irue Parabola, in Medi- 
ums whoſe Reſiſtance bears any conſide- 
rable P 9 21 to the Weight and Force 
of the Bodies that are projected in 
them: But whoever undertakes to re- 
duce his Doctrine to practical Uſe in 
Gumery; will find it a very hard Task. 

have now ſome Sheets by me, 
wherem I have gone as far that Way, 
as perhaps any, that will make the Ob- 


jection, ever did: But being diſcourag'd 


by the tediouſneſs of the Demonſtrati- 
ons, and the perplexedueſs of the Cal. 
culations, I thought proper to leave it 
out, and in its Room to give the De- 
ſeription and Uſe of an Inſtrument , 
which will be of much greater Service 
zo practical Engineers, | 

2 | Some 


- — —  - — —— — — * 
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Some Readers may accuſe me of be- 
ing too prolix, having made ſeveral 
Things Theorems which to a ready Ge- 
nius were ſufficiently evident as Corolla- 
ries to foregoing Ones; as alſo having 
reſolbd Caſes which ſeldom occur in 
Practice. But fo d1fficult a Task it is 
zo pleaſe all Taſtes, and ſuit all Capa- 
cities, that I'm perſuaded there are 
many who will alledge I have not made 
ſome Things ſufficiently plain, and that 
ſeveral Caſes may occur which I have 
not mention d. The judicious and ex- 
perienc'd Reader who knows the Diffi- 
culty and almoſt Impoſſibility of avoid- 
ing both theſe Extreams, will, I hope, 
abſolve me from thoſe Charges of the 
querulous on ether Side: And madeced 
1 muſt ſay, however preſumptuous up- 
on firſt hearing it may ſeem, that with 
greateſt Confidence I ſubmit my ſelf and 
Performance with all its Blemiſhes, to the 
judicious Reader ; for as he will be the 
firſt to diſcera the Deſeits either in the 


Matter 
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Matter or Diction, ſo will he ever be 
the readlieſt to make Allowances in Fa- 
vour of an Author, whoſe ſole Ambiti- 
on was to become in ſome Meaſure uſe- 
ful to the Publick : In this Aſſurance 
eaſy, if Objections are made thro Ig- 
aorance or Want of Experience, I can 
excuſe them; if through Malice, I de- 
ſpiſe them. 


a 2 ER RA TA. 
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AGE $2, Line 11, for fe/ling, read 
falling. p. 83, I. 16, for AM, r. Am. 
p. 101, I. 3, for AX, r. Ax. p. 132, l. 
12. for AX, r. AN. p. 137, 1. 9, for 
Am, r. AM. p. 138, I. 15, for Ato ©, 
r. 0 K. p. 167, 1.2, forad, £36. 4 
6, for half the Sum, r. the Sum. 1.9, for 
half the Difference, r. the Difference. p. 
152, 1.7, 10, for HO, r. 40. 

Cale 5oth, the Angles D and M ought to 
be 452 44', and 121 16“, which will alter 
all the Figures in the reſt of that Caſe, tho 
the Statings by the Letters are right. 

Figure 915. in the Plates, put F to the 
End of the Line 7 H produc'd. 
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(1) 


The Docrrine of 


PROJECTILES, 


Demonſtrated from the LAWS of 


MOTION 


| GRAVITATION. 
I 


Of SIMPLE MOT TON. 


DEFINITIONS. © 


I. Md fee is a continual 


and ſucceſſive Change of 
Place, 


B II. 


2 Of Simple Motion. 


II. Celerity, is an Affection of Mo- 
tion, whereby a Body in Motion, 
paſſes over a given Space, in a gi 
ven Time. 


III. Equable Motion, is that whereby a 
moving Body, paſſes over equal 
Spaces in equal Times. 


IV. Motion equally accelerated, is that 

to which, in equal Times, there is 

always added equal Incriments of 
Velocity. 


V. Motion equably retarded, is that 
whoſe Velocity in equal Times e- 
qually decreaſes. 


VI. A Momentum, is that Power, or 
Force, incident to moving Bodies, 
whereby they continually tend from 
their preſent Places. | 


AON. 


Of Simple Motion. 3 
AXIO MNS 


I. No ſingle Force, or Power, can 
act, at the ſame Inſtant of Time, 
with two different Directions; nor, 
conſequently, give Motion to a Body in 
another Direction than that in which 
it is apply'd to the Body; hence all 
Simple Motion is rectilineal. 


II. If any Power, apply'd to a Bo- 
dy, gives it a certain Degree of Moti- 
on, double that Power, apply'd, will 
give double that Motion, and triple, 
triple that Motion, &c. for Effects 


are proportional to their Cauſes. 


III. If a moving Body, is directly 
oppos'd, by any Power, which is to 
the Momentum, or Force wherewith 
the Body moves, in any given Ratio; 
that Power, will deſtroy a proportional 
Part of the Momentum of the Bo- 

B 2 dy; 


4 Of Simple Motion. 
dy; and if the moving Body, is oppos'd, 
by any Number of Powers ſucceſſively, 
the aggregate of which, being equal 
to the Momentum of the Body, its 
Motion will be quite deſtroy'd. 


IV. Hence, if a Body, moving 
with any given finite Force, how- 
ever great, be conſtantly oppos'd, by 
any given Power however ſmall, the 
Motion will be, at laſt deſtroy'd; 
and the Power, continuing to act in 
its firſt direction, will give the Body 
a Motion the contrary Way. 


LAV I. 


If a Body, be put in Motion, in 
free Space, where no extraneous Cauſe 
affects it, it will continue to move, 
uniformly in a right Line, accordin 
to the Direction and Celerity firſt 
impreſſed upon it. 


If 


d 
* 
Y 
N 
4 
: 
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If the Body continues to move by 
Means of the firſt Impulſe, the Mo- 
tion muſt be rectilineal, (Ax. 1.) and, 
ſince all other Obſtacles are ſuppoſed 
to be removed, it muſt continue to 
move, unleſs it has a Power to de- 
ſtroy its own Motion; but fince a 
Body may be put in Motion accor- 
ding to any Direction, if it has a 
Power to deſtroy it's own Motion, 
that Power muſt be ſuch, as can act 
according to any Direction, and 
ceaſe to act when the Occaſion is 
over; otherwiſe it wou d give the Bo- 
dy a Motion the contrary Way, 
(Ax. 4.) which Power is abſurd to 
be ſuppoſed in any inanimate Body. 
This is Part of the great Sir //aac 
Newton's firſt Law of Nature, and 
is the Foundation of all Laws of 
Motion, 


LAW 


6 Of Simple Motion. 
LAV II. 


The Change of Motion is always 
proportionable to the moving Force 
impreſſed, and is always made accor- 
ding to the Right-Line in which 
that Force is impreſſed. 


The firſt Part of this Law is plain 
from the ſecond Axiom, for if any 
Force generates a certain Motion or 
Change of Motion, double that Force 
will generate double, and triple, 
triple, Sc. and becauſe this Moti- 
on, or Change in Motion, is always 
determin'd by the moving Force, it 
will be made according to its Direc- 
tion ; (by Law 1.) for if the Body 
was in Motion before, and if the new 
imprefled Force was in the ſame Di- 
rection, it will add to the former 
Motion, if oppoſite to it, it will de- 
duct from it; if impreſſed in an ob- 
lique 


Of Simple Motion. 7 
lique Direction, the Change will be 
obliquely; but ſtill the Acceleration, 
Retardation or Obliquity, will be in 
Proportion to the new impreſſed 
Force. This Law will be more ſtrict- 
ly demonſtrated in Theorem 1ſt. of 
compound Motion, 


SCHOLIUM I. 


Since a Body can neither give nor 
deſtroy its own Motion, nor alter 
its Celerity, the Momentum, or Force 
wherewith it moves, muſt ſtill be e- 
qual to the moving Force impreſſed; 
and ſince Extenſion or Figure, can 
no way affect Motion in pure Space, 
there is nothing in Bodies, that can 
require different Forces, to move 
them with equal Celerities, but their 
different Quantities of Matter, 


Let 


8 Of Simple Motion: 


Let B &6, expreſs the Quantities 
of Matter, in two Bodies, C&c, 
their reſpective Celerities. 

Mͤà¶ m, their Momenta, or Forces 


with which they move. 
LAW Ul. 


If C=c. M: m:: B: b, that is, 
If the Celerities are equal, the Mo- 
menta will be as the Quantities of 
Matter in the moving Bodies. 


It's plain, that whatever Proporti- 
on B has to h, the Force that move 
them equally, muſt have the ſame 
Proportion; * Heholmm) but the 
Momenta ana moving Forces are e- 
qual, and therefore have the ſame Pro- 
portion to the Quantities of Matter in 
the moving Bodies, 


LAW 
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LA VV. 


If B=. N: m:: C c. that is, 
If the Quantities of Matter in the 
moving Bodies are equal, the Mo- 
menta will be as their reſpective Ce- 
lerities. 


If the Bodies are equal, the Cele- 
rities muſt be as 1 527 reſpective 
Cauſes, which are the moving Forces: 
but the Momenta and moving Forces 
are equal, (by Schol. 1.) and there- 
fore in the ſame Ratio to the Cele- 
rities. 


LAW v. 


Univerſally, M: n:: BX C.: xc. 
that is, in all Caſes, the Ratio of 


the ne iS compoled of the - 


Ratio's of the Quantities of Matter 
C in 


10 Of Simple Motion. 
in the moving Bodies, and their Ce- 
lerities conjointly. 


Let D(=B) be moved with c, 
the Celerity of &, and let J, be it's 
Momentum; then (by Law 3d.) be- 
cauſe cc. D: h:: F: m. whence 
Dx mb F, and (by Law 4th.) 
becauſe D = B. C: c:: M: F. 
whence Cx F x M. and put- 
ting B in the Place of D, in the firſt 
Equation, and multiplying it by the 
Ja you have B/ CX m HX 
x Mx F, and dividing both Sides by 
V, the Equation is B * Cm 6b * cx M. 
which gives this Analogy M: m:: 
BC: bxc. Q. E. D. 


E 
C:c::bx M: Bxm. that is, The 


Ratio of the Celerities is compoſed 
of the direct Ratio of the Momenta, 
and the inverſe Ratio of the Quanti- 
ties of Matter. By 


F 
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By the laſt, Bx Cx m=bxcx M. 
which gives this Analogy, C: c:: 
M: Bm. D. E. D. 


Whence LA VII. 


If M= m. C: c:: b: B. that is, 
If the Momenta are equal, the Cele- 
rities will be inverſely as the Quan- 
_ of Matter in the moving Bo- 

ies. 


In comparing Motions, vith re- 
ſpect to the Length of Spaces paſſed 
over by moving Bodies: Let C & c 
repreſent their Celerities, as before, 


&, the Spaces paſſed over in 7 &ͤ 4 


the Times in which they move. 


L AW VIII. 
If Tt, K: s:: Cc. that is, If 


the Times are equal, wherein Bodies 
move, the Spaces paſſed over, will 
| C3 be 


l\ 
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be as the Celerities, with which they 


move. 


LAW N 


If CS c. Hi s:: T1, that is, If 
the Celerities are equal, the Spaces 
paſſed over by the moving Bodies, 
will be directly as the Times in in 
the Motions are made. 


The Truth of theſe two Laws 
is obvious to any one who can con- 
ceive, that if a Body moves with 
double, triple, &c. the Celerity of 
another Body, it will, in an equal 
Time, paſs over double, triple, G 
the Space which that other Body 
paſſes over; and if two Bodies move 
equally ſwift, if one continus mo- 
ving double, or triple, &c. the Time 


the other moves, it will paſs over 


double, or triple, Sc. the Space 


which the other pales” over. 


LAW 
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Vunirerſally, H: s:: TC iH xc. 
that is, In all caſes, the Ratio of the 
Spaces paſſed over is compounded of 
the Ratio's of the Times and Celeri- 
ties conjointly. 5 


Let D, be a Space paſſed over in 
the Time 7, wherein & was paſſed 
over, and let it be paſſed over with 
the Celerity c, wherewith s was 
paſſed over; then (by Law gth.) 
T:t::D:s. and (by Law 8th.) 
: C:: D: S. from tlie firſt Analo- 
gy you have this Equation, 7x s = 
D, and from the laſt Analogy, 
cxS=CxD, which two Equations 
multiply'd, gives T. Cx D=zx D 
x cx 4; and dividing by D, you have 
TxsxC=txcx8S, which turn'd into 
an Analogy, gives H: $::TxC:txc. 


E. D. 
. ink LAW 
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LAW NI. 


If FS =S. C:c:;7; T. that is, If 
the Spaces paſſed over are equal, the 


Celerities are in the reciprocal Ratio 
of the Times. 


By the laſt, His: Tv Cite, and 
if H =S; TxC=txc, which gives 
this Analogy, C: c: :1: T7. Q, E. D. 


LAW XIE 
iss Ke: S* C. that is, The 
Ratio of the Times is compounded 


of the direct Ratio of the Spaces paſſed 


over, and the reciprocal Ratio of the 
Celerities, 


By Law roth, &: S:: Tx Cc, 
which gives this Equation, 7x CM 
tx Cx, which turn'd to an Analo- 


875 gives 7: ;: Fx C: S* C. Q E. D. 
LAW 
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LAW XII. 


C:c::txS$:T x5, that is, The Ra- 
tio of the Celerities is compounded 
of the direct Ratio of the Spaces 
paſſed over, and the reciprocal Ratio 
of the Times. For, by the laſt E- 
quation, 7xCxs=t?xcxS, which 
gives, C:c ::txS:iTx5, Q. E. D. 


L AW XIV. 


T: 12281 that is, The Ratio of 


the Times is compounded of the 
direct Ratio of the Spaces paſſed 
over, apply'd to, or divided by the 
Celerities. 

By the roth. Law, Tx C:txc::S$:s, 
and dividing the 1ſt. and 3d. by CG, 
and the 2d. and 4th. by c, you have 


7. 112. | Q. E. D. 
SCHO- 


| 
| 
| 
| 
| 
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SCHOLIUM I. 


If any determined Length of Space 
and Time are made the Integers; as 
an Inch, a Foot, or a Yard, Sc. a 
Second, a Minute, an Hour, Sc. 
from any two of F, 7, & C given, 
the third may be found; for, K 


x C, and CN, allo T =, E. g. If 


C the Celerity, be at the Rate of 6 
Feet in a Second of Time, and if 7 
be 60 Seconds, or 1 Minute, then 
will T x C = 60 x 6 = 360 & the 
Space paſſed over in a Minute, &c. 
as before. 


In like Manner, if B conſiſts of 8 
ſuch Parts, as 4 contains 6, and if C, 
be to c, as 7: 5, then will M, the 


Momentum of B, be to m, the Mo- 
mentum of 4, as 56, to 30, for, by 
the 5th. Law, HM: m:: BC: bx c, 

that 
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at is, as 8x7: to 65 1 But M, 
& C may be determined 2 com- 


mon Weight and Mealure, 
the beſt ! e e yet known, 2 


Perpendicu ar Deſcent of a heavy Bo- 
dy in Vacuum is 16.14 Feet in a Se- 
cona of Time, in which Fall it will 
acquire a Celerity double that Space, 
or 32.28, in a Second, as ſhall be 
afterward ſhewn, and, by Page 54 
of Dr. Graufand's Experiments, if 
the falling Body B, is a Pound- 
Weight, it's Momentuni at the End 
of the Fall will be 42 Pounds near- 


h. Me 


ly, and, by Law 4th, m, 
whence if c be equal to one Foot in 
a4 Second of Time, . 3 


mn the Momentum or 3 of a Bo- 
dy of one Pound-Weight, moving 
at the Rate of one Foot in a Second. 
Hence, 

1 Aud, 
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And, from Law 5th, let B be any 
Number of Pounds, and C any Num- 
ber of Feet, which B moves in a Se- 
cond of Time, B «x Cx 1.3 will ſtill 
be equal to M the Momentum. 


EXAMPLE. 


If a Cannon-Ball of 60 Pounds- 
Weight move at the Rate of 1000 
Feet in a Second, it will have a Mo- 
mentum, or Force, equal to 60 x 1000 


x 1,3 =78 thouſand Pounds-Weight. 


CHAP. 


— 9 * 


„ 
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Of Compound Motion and 
Oblique Percuſſion. 


THEOREM I. 
& a Body at A (Eig. 1.) is impel- 


led, at the ſame Time, by two 

Forces, which are to ach other as 
the Right-Lines AB, AC, andin the 
ſame Direction with thalz Lines, it 
will paſs through the Diagonal of 85 
Parallelogram AD, in the ſame Time 
that it wou'd paſs through cither of 
the Sides AB, or AC, if only one of 
thoſe Forces acted. 


D 2 D E- 
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DEMONSTRATION. 


Suppoſe the Body to move uniform- 

pl along the Right-Line A C in the 
ame Time that the Right-Line AC, 
keeping its Parallels Poſition, is mov d 
uniformly along A B, when the Body 
wow'd have paſs'd over Aa, in the 
Right-Line AC, ACwill have paſs'd 
over AG, a proportional Part of AB. 


meſs Gg=Aa, and the Body will be 


2; but 3 AB: AC:: AG: Aa, 
1 is, AB: BD: AG: Gg the Tri- 
an gles ABD & Ag are a> (by 
5. EI: G.) and conſequently the Point 
2, where the Body is, is in the Diago- 
nal AD. Now, 3 AC, or GE, 


in its Paſſage along AB, is ſtill paral- 


lel to BD, when AC ah with 
B D, the Body x will be at D, and in 


the 18 Paſſage from A to 2 it will 
(till be AB: BD :: AG: Eg. a Body 


therefore impelled by two Forces, 


W hich 


. "OF". "1: "P 
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which are to each other as the Sides of 


a Parallelogram, will move through 


the Diagonal of that Parallelogram, 
in the ſame Time that it wou'd move 
through either of the Sides, if only 
one of the Forces impelled it. Q, E. D. 


5 


Hence, the joint Forces AB, AC, 
in that Poſition, is to either of the 
ſingle Forces, as the Diagonal AD, to 
the reſpective Side which repreſents 
that Force, 


For, ſince the Body is the ſame, 
the Forces, or Momenta, are as the 
Celerities, (by Law 4th.) and ſince 
the Times are equal, the Celerities 
are as the Spaces paſled over, (by Law 
8.) the Forces are therefore as the 
Spaces paſſed over; that is, as the Dia- 
gonal to each reſpective Side. 


COR. 
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COR II. 


Hence, if a Force which is as AD, 
acts with a contrary Direction DA, to 
the other two Forces AB, AC, the 
Body acted upon will be in Equilibrio. 


C O R. III 


Hence, if a Body is kept in Equi- 
librio by three Powers, thoſe Powers 
will be to each other, as the Sides of 
a Triangle form'd by Right-Lines 
drawn parallel to the reſpective Di- 
rections of thoſe Powers. 


C OR IV. 


Hence, any Force may be reſolv'd 
into, and conſider'd as, two, or more 
Forces, 


THE O- 
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THEOREM II. 


If a Body ſtrikes a firm Obſtacle 
CD (Fg. 2d.) obliquely, in the Direc- 
tion AD, the Magnitude of the ob- 
lique Stroke will be to the Magnitude 
of the Stroke, which the ſame Body 
word have produc'd if it had ſtruck 
the Obſtacle perpendicularly, or in 
the Direction AC, as the Sine of the 
Angle of Incidence ADC, to the 

Radius. 


DEMONSTRATION. 


Draw AB parallel to CD, and BD 
parallel to AC, then the whole Force 
wherewith the Body moves in the 
Right-Line AD, may be reſolv'd in- 
to the two Forces AB, AC; but the 
Force AB can no Way impinge on 
the Obſtacle CD, becaule it is paral- 
Jel to its Surface; the Force therefore 
, vhere- 


— * 7 
— — - - — 
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wherewith the Body impinges on CD; 
is only AC; but AC, is to AD the 
whole Force, as theSine of the Angle 
of Incidence ADC, to the Radius. 


9. E. D. 


6 


Since every oblique Stroke, is to tlie 


direct Stroke, as the Sine of the Angle 


of Incidence, to the Radius; they are 
to each other, as the Sines of their re- 
ſpective Angles of Incidence. 


THEOREM III. 


If a Body is impelled by any Force 
in the Direction AB, (Lig. 3d.) and if 
in its Motion towards B it be ſucceſ- 
ſwely impelled by any Number of 
Forces, whoſe Directions A C, EG, 
HK, Ec. are all parallels to BM, 


the Body will paſs over the Spaces AE, 


E H, HM, and meet with the Right- 
Line 


ES a _ — AA 
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Line BY, in the fame Time that it 
wou'd atrive at the Point B, if only 
the firſt Force had impelled it in the 
Direction AB. 


DEMONSTRATION 


Since, (by Theor. 1.) the Diagonal 
AD wou d be paſs'd over by the joint 
Forces which areas AB, and AC, in 
the ſame Time that AB wou'd be 
paſs d over by the ſingle Force AB; 
let the Force E meeting with the 
Body at the Point E, be to the Force 
wherewith the Body moves in the Dia- 
gonal AD, as E G, to ED, and the 
Diagonal EH will be paſs'd over in 
the fame Time that E D wou'd; let 
alſo HK be to the Force wherewith 
the Body moves in the Diagonal EF, 
as HK, to HF, and HM vill be paſſed 
over in the ſame Time that ZF wou'd, 
ſince AB wou d be paſs'd over in the 
ſame Time that AD wou'd, and AD, 


E n in 


/ 
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in the ſame Time that AE+EF 
wou d, and AE EF in the ſame Time 
that AE+E H+ HN, wou'd, conſe- 
quently, AE + E H+ H N wou'd be 
paſs'd over by the joint Forces AB, 
AC, EG, HK, in the ſame Time that 
AB wou'd, by the ſingle Force AB. 
| | ©, E. D. 


COR I. 


Hence, the Action of any Number 
of Forces whatever, apply'd to a mo- 
ving Body in parallel Directions, alter 
not the Progreſs of that Body with re- 
ſpect to the parallel Diſtances. For, 
the Points e, & E, h, & H, B, & NM, 
wou d be paſsd through in equal 
Times in both Caſes; nor does the 
Action of the Power AB alter the 
Progreſs of the Body, with reſpect to 
the Diſtances parallel to it: For, AC, 
EG, HK, have the ſame Effects, (via.) 
BD, D, FN, that they wou'd 100 
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* 


I had in the ſame Time with reſpect to 


the Motion towards the Line LIV, 
arallel to AB, as if the Force AB 
bad not acted at all. 


CO R II. 
Hence, if the Forces AC, EG, HK, 


Sc. are infinite in Number, and pla- 
ced at infinitely ſmall Diſtances, or, 
which is the ſame, if any one Force as 
that of Gravity, acted continually on 
the moving Body, its Way, or Path 
4, E, H, N, vou d be a Curve. 


E 2 CHAP. 
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CHAP. III. 
Of the Deſcent of Heavy 


\ —_— 


Bodies. 
— — ͤPnů—ů— ( —»— —— 


THEOREM IV. 


HE Motion of a heavy Body fal- 
ling directly downwards by its 
own Gravity, in free Space, is a 

Motion equally accelerated. 


DEMONSTRATION. 


Let the Time in which the Body is 
falling be ſuppos d to be divided into 
very {mall equal Particles, and let Gra- 
vity acting the firſt Particle of Time 
draw the Body towards the Center, if 

after 
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after that firſt Particle of Time, Gra- 
vity wou'd ceaſe to act the Motion re- 
ceiv'd from it wou'd continue, and the 
Body wou d move equally towards the 
Center, (by Lew 1.) but as the Body is 
ſtill heavy, and Gravity acts without 
Intermiſſion, it will, in the 2d. Particle 
of Time add another Impulſe ro the 
Body equal to the former, and the Ve- 
locity of the Body will then be double 
to the former Velocity ; and if the 
Force of Gravity was then quite re- 
mov'd, the Body wou'd continue to 
move in the ſame Right-Line with the 
Velocity then acquired; but in the 
3d. Particle of Time the Body is acted 
upon by the fame Gravity which will 
give it another Degree of Motion e- 

ual to each of the former, c. ſo 
3 in 1, 2, 3, 4, Ec. Particles of 
Time the Body will acquire x, 2, 3, 4, 
Sc. Degrees of Motion, the Motion 
therefore of a falling Body is a Motion 
uniformly accelerated. ©. 4% 3 
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COR. I. 


Hence, and per Axiom 4th. the Mo- 
tion of a Body thrown dire&ly up- 
wards is a Motion uniformly retarded: 
for the Force of Gravity, acting con- 
ſtantly and equally againſt the Motion 
commenc'd, will in equal Times equal- 
ly diminiſh it till the whole Motion is 
deſtroy'd, 


COR. I. 


A Body thrown directly upwards 
with the ſame Impetus, or Force, which 
it acquir'd by falling from a certain 
Height, will aſcend to the ſame Height 
from which it fell; for Gravity willin 
equal Time deſtroy the Motion it for- 
merly gave, and the Velocity will be 
the ſame in every Place of the Aſcent 
that it was in the Deſcent, and ſince 
the Velocity and Time are equal in 

both 
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both Caſes, the Spaces paſs'd through 


will be equal. 
THEOREM V. 


The Space which a heavy Body falls 
through by its own Gravity, counting 
from the Beginning of the Time, is e- 

ual to half the Space it wou d paſs 
through in an equal Time, if it mov'd 
uniformly with the Velocity acquir'd 
at the End of the Fall. 


Let AB (Fig. .) repreſent the Time 
of the Fall, and BC at Right-Angles 
with it the Celerity acquir'd at the End 
of the Fall, draw the Diagonal AC, 
and through the Points 1, 2, 3, 4, &c. 
the Right-Lines, 1e, 2f, 3g, &c. pa- 
rallel ro B C; becauſe, by the laſt, the 
Celerities are every where as the Times 


elaps'd from the Beginning of the Fall, 
| thoſe 


DEMONSTRATION. 
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thoſe Right-Lines, 16, 2f, 38, &e, 
will repreſent the Celerities, in the 
Times, 01, 02, oz, &c. but ſince the 
Space -paſs'd over in each Particle of 
Time 1s (per Schol. 2d.) equal to the 
Rectangle of that Particle into its re- 
ſpective Celerity, if the whole Time 
A B, be ſuppoſed to be divided into in- 
definitely ſmall equal Parts, the Sum of 
all thoſe Rectangles, (which is equal 
to the whole Space paſs d through) may 
be conſider'd as a Series of Lines of in- 
definitely ſmall Breadth whoſe Sum 
conſtitute the Area of the Triangle 
TEES  ABxBC 
ABC, which is equal to — * 
ual to half the Rectangle of the whole 
Time AB, into the Celerity acquir'd 
at the End of the Fall : but if the Body 
had moy'd the whole Time AB, with 
the Celerity BC, the Space paſsd 
through wou'd ( per Schol. 2d.) be equal 
to AB x BC, which is double the for- 
mer, Be 7.4 
COR 


COR. I. 


The Spaces paſs'd over, reckoning 
from the Beginning of the Fall, are in 
the duplicate Ratio of the Times, or 
of the Celerities ; for the Space pafs d 
over in the Time A ©, is to the Space 
paſs'd over in the Time AB, as the 
Triangle A © R, to the Triangle 
ABC : that is, (by 19. El. 6.) as A O., 
to A Ba, or as the Square of Of, the 
Celerity acquir'd at the End of the 
Time A.D, to the Square of BC, the 
Celerity acquir'd at the End of the 
Time A B. 


COR H 


Hence, both the Times and Celeri- 
ties, are in the Sub- duplicate Ratio of 
the Spaces paſs d through by the falling 
Body. 


E coR. 
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COR. II. 


Hence, the Momenta, or Forces, 
which a Body acquires by falling from 
different Heights, are in the ſub-dupli- 
cate Ratio of thoſe Heights ; for (by 
Law 4.) the Momenta of equal Bodies 
are as the Celerities, and, by the laſt 
Cor. the Celerities are in the ſub-dupli- 
cate Ratio of the Heights, or Spaces 
paſſed through, the Momenta are 
therefore in . ſ{ub-duplicate Ratio of 
thoſe Heights. 


COR. IV; 
Hence, and from Cor. 2d. to Theo. 4. 
the Forces requiſite to throw equal Bo- 
dies to different Heights, are to each 


other as the Square Roots of thoſe 
Heights, 


DEF. 
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DEFINITIONS. 


I. The greateſt Height that any En- 
gine can throw a Body is call d the Im- 
petus of that Engine. 


II. The Angle which the Line of 
Direction makes with the Horizon, is 
call'd the Elevation or Depręſſion; ac- 


cording as it is above, or below the ho- 


rizontal Line. 


III. The Diſtance that a projected 
Body is thrown on any Plane is call'd 
the Amplitude, Range, or Randon. 


F 2 CHAP, 


The DocTRINE of Pro-| 
JECTILES, 


THEOREM VI. 
F a Body is thrown, or projected, 
by any Force, or Engine, in any 
Direction not perpendicular to the 
Horizon, the Way, or Path, \ of that 


Body will be the Curve of the common 
Parabola, 


DEMONSTRATION 


Let the Body be projected in the 
Direction A, (Lig. 5th.) if no other 


Force 


_ Ty vo 
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Force impelled it, it wou d continue to 


move equally in that Direction; (by 


Law 1.) but it is conſtantly ſollicited 
by the Force of Gravity towards the 
Earth in Right-Lines perpendicular to 
the Horizon, its Path muſt therefore 
be a Curve ; (Cor. 2d. Theor. 3d.) and 
ſince its Progrels is not alter d with re- 
ſpect to the Diſtances parallel to the 


Directions of the moving Forces, (Cor. 


iſt, Theor. 3d.) the Points / g, h, i, 
Sc. in the Right-Lines, 4f, cg, dh, 


Sec. which are all in the Direction of 


the Force of Gravity, will all be ar- 


' riv'd at in the ſame Time that the cor- 
reſponding Points &, c, d, &c. wou'd 


be reach'd by the projecting Force on- 
ly, and alſo in the ſame Time that the 
Points J, m, u, o, Oc. in the Right- 
Lines I/ mg, uh, &c. parallel to the 
Direction of the projecting Force, 
wou'd be arriv'd at by the Body if no 
Force had acted upon it but the Force 
of Gravity only; but ſince the Moti- 
SN On 
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on through Al, is an equable Motion, 
the Right-Lines Ab, Ac, Ad, &c. or 
their Equals, /f, mg, uh, &c. are as the 
Times in which the Body wou'd fall 
through the Spaces bf, cg, 4h, &c. or 
their Equals Al, Am, An, &c. but the 
Spaces paſſed through by a falling Bo- 
dy are as the Squares of the Times e- 
lapsd from the Beginning of the Fall, 


Cor. 1ſt. Theor. 5th.) therefore the ab- 


ciſſæ or Parts of the Axis Al, Am, An, 
c. are to each other as I/, mg, uh, 
Ec. which is a known Property of the 


Abſciſſæ and Ordinates of the common 


9 


Parabola, 


9. E. D. 
6 


Hence, (and, from Cor. 1ſt. to Theor. 
3d.) it is evident this Demonſtration is 
general, whither the Direction of the 
Projectile Force be horizontal as AI, 
(F:g. 5th.) or obliquely aſcending, or 
deſcending, as Ae, or AE, (Fg. 6.) 

C OR, 
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CO K. M. 


It's plain, from Fig. 6, that the Di- 
rection of any Force or Engine as Ae, 
is a Tangent to the Curve the projec- 
ted Body deſcribes, at the Point where 
the Engine is plac'd, for ſince Gravity 
acting every Inſtant, draws the Body 
from the Line of Direction as ſoon as 
it leaves the Engine, the Line of Di- 
rection can only touch the Curve at 
that Point. 


G-U-8. H. 


The Times of the Motion, or Flight, 
of the Body through different Parts of 
the Curve, Af, AJ, Afgh, &c. (Fig. 
6.) are {till as the correſponding hori- 
zontal Diſtances, Az, Ay, Ax, c. 
for, by the laſt, the Times are as Ab, 
Ac, Ad, &c. that is, per Similarity, as 
Az, Ay, Ax, &c. 

| COX. 
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60K 

The Times of the Fli ght of the ſame, 
or an equal Body projected by the ſame, 
or an equal Force, in different Directi- 
ons, are as the correſponding Parts of 
the Lines of Direction, that is, the 
Time of the Flight to K, (Ig. yth.) 
is to the Time of the Flight to z, (Hg. 


6th.) as AJ, in the firſt to Ae, in the 
Second. l 


THEOREM VII. 


If a Body falls from any Height as 
KV, in the Right-Line KC (Hg. 7 & 
8.) and if with the Velocity acquir'd at 
the Point V, the Direction be chang'd 
into VI, either horizontal, or oblique, 
ſo that the Body begins to move in a 
Parabola, if /f, be taken equal K, 
and, fD drawn parallel to I, termi- 
nated by the Curve, LD=2f D, mY 

e 


. of Projeftiles. At 
be a third Proportional to any Abſciſ- 
ſæ and its Ordinate, that is, let the Ab- 
ſciſſæ ¶ V, and Ordinate E &, be taken 
any where, it will ſtill be E: EG:: 
2 G: L D, 


DEMONSTRATION. 


The Velocity acquir'd by the Fall 
| through KV, wou d in an equal Time 
carry the Body through /B=2 NV, 
in the Direction / I, if Gravity did not 
act; (Theor. 5.) but, Gravity beginning 


to act again at the Point V, the Body. 


will in that Time be carried from the 
Line of Direction /” [the Diſtance BD 
NM equal, by Conſtruction, to f; 
and becauſe / and BD are equal and 
parallel, B=; but BNV 
therefore Du & D =; but 
(by Theor. 6.) Vf, or, D: D!: VE 
EG, conſequently D* E G1= 
{D? x VE, and dividing by: D, EG? 
=2fDxFE;but2fD= LD, there- 
G 


fore 


4.2 The Doctrine 
fore EG1=LD x VE, which gives, 
FE: EG:: EG: LD. O. E. D. 


ENI 


This 7heorem is univerſal whether 
the Direction of the falling Body be 
chang'd into a horizontal Direction as 
I, (Fig. 7th.) or into an obliquely a- 
ſcending, or deſcending Direction, as 


V, or Vi. (Fig. 8th.) 
E:8R Bt 


Hence, the Time of any Projection 
made on a horizontal Plane, is equal to 
double the Time of the Fall of ee 
Body from the Height of the Projecti- 
on; for the Curve g D (Fig. 7.) is de- 
{crib'd by the projected Body in the 
ſame Time that it wou'd have fallen 
through its Height / by its own Gra- 
vity, and if, with the Velocity acquir'd 
at the Point D, the Body was projected 

di- 


a Wm. XA «as | WY | . 8 i nn auto. 3 3 
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directly backwards, it wou'd arrive at 
the Point in an equal Time with 
that of its Motion fromit, and with an 
equal Velocity ; for Gravity wou'd in 
equal Times decreaſe the Velocity as 
much as before it increaſed it, and if 
nothing prevented the Motion at the 
Point it wou'd continue to deſcribe 
an equal Curve /þL on the other Side; 
e er the whole Curve Dg / 
IL, wou'd be deſcrib'd in double the 
Time in which the Body wou'd fall, by 
its own Gravity, through the Height of 
the Projection . 


DEFINITIONS. 


4 

I. The Right-Line LD is call'd the 
Parameter to the Diameter / Cor Ver- 
tex //; but if is the higheſt Point in 


the Parabola, or principal Vertex, then 


II. YC, the Axis, or principal Dia- 
meter. 


(3 - III. 
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III. LD, the Latus-Re cum, on picks; 
cipal Parameter, 


IV. K, the Sublimity of the Para- 
bola. 


V. /, the Focus Point. 


COR MM 


All the Parabola's that can be de- 
ſcrib'd by the ſame Impetus VK, will 
have their Parameters to the Vertex V, 
or Place of the Engine, equal; for let the 
Direction V be what it will, LD the 
Parameter will ſtill be equal to 40 K, 
the Impetus wherewith the Parabola 
begins to be deſcrib d. 


COR. IV. 


Ihe Diſtance V,, from the Focus 
Point to the Vertex, is {till equal to the 
Sublimity K. 


7 H E C. 
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THEOREM VIII. 

If from the Focus Point f (Fig. 7th.) 

a Right-Line 7 be drawn to any 

Point & in the Curve of a Parabola, it 

will be equal tothe Height E, of that 


Part of the Parabola, and Sublimity 
VR, that is, CK E. 


DEMONSTRATION. 


By the lat LD x VE=EG?, and 
EG1+Ef!=fG1; (47. El. r. ) but, be- 
cauſe L D=2 R/ and & fE VUE, 
EDxVE=2Kfx : K f+ fE=Kff* 
+2Kfx FE EG, towhichadd E? 
and you have Kf! + 2 Kf x fE+fſE? 
=E G1+ Ef1=fC! from above ; but 
Kf'+2Kf x EYE ERK, (4. El. 
2.) Conſequently KE H and K 
=f G. pe O. E. D. 


| Note, Above the Focus Point f, the 
Demonſtration will be the fame, only 
it 
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it will be 2 K/x FE, becauſe the Ab- 
ſciſſæ Ve, is, in that Caſe, leſs than Y f 
the D iſtance from the Focus tothe Ver- 
tex, as is eaſily obſerv'd by the Figure. 


D N 1 


Hence, if /K be the Sublimity of any 
Parabola, and if K N be parallel to the 
Ordinate EG, and & R parallel to the 
Axis / C; GR, Gf, and E will ſtill be 


equal 


COR. II. 


Hence, if a Circle is deſcrib'd on any 
Point G of the Curve with the Radius 
K E, or G R, equal to the Height and 
Sublimity, the Circumference of that 
Circle will ſtill paſs through the Focus 
Point of the Parabola. 


69K Ut. 


Hence, if one End of the Thread 
E/, (Fig. 15.) equal in Length to the 
Side 
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Side of the Square g D, be fix d at g, and 
the other End at , any where below 
the Rule AB, this being done, if you 
Slide the Side of the Square CD along 


the lower Side of the Rule AB, and, at 


the ſame Time, keep the Thread con- 
ſtantly tight by means of the Pin E, 
with its Part Eg cloſe to the Side of the 
Square g D, the Curve EV &, which the 
Pin E deſcribes by its Motion, will be 
a Parabola. Vote, When the Side D g 
touches the Point 7, E vill be at the 
Vertex, and then the Square muſt be 
turn'd to the other Side. 


THEOREM IX. 


If from any Point & (Fg. ↄth.) in 
the Curve of a Parabola, a Right-Line 
Gf be drawn to the Focus Point /, and 
GR parallel to the Axis YC, and if the 
Angle fGRis: biſe&ed, the biſecting 
Line Trwill be a Tangent to the Curve 
in the Point &. 

DE 
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DEMONSTRATION. 


Make XK, in the Axis produced, e- 
al to V/, and parallel to the Ordinate 
EG, draw K R D, then (by Cor. 1ſt. 

Theor. 8 ch.) K E, Gf and GR, are all 
equal; if therefore the Right-Line 
DF, parallel to & R, drawn to any o- 
ther Point as Hof the Right-Line 77, 
be ſhorter than the Right-Line FH, 
drawn from the Focus to the ſame 
Point, that Point muſt be without the 
Curve; draw HR, ſince the Right- 
Line 7 G7 biſects the Angle fC R, the 
Angles fG H and RG H are equal, 
and ſince F RG, and G H com- 
mon to both Triangles f@H and 
RG H, the Side f H muſt be equal to 
the Side HR; but DA being the Baſe 
of a Right-angled Triangle is ſhorter 
than N V the Hypothenuſe, D H is 
therefore ſhorter than f H, and conſe- 
quently the Point H is without the 


Curve; 
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Curye; now, ſince it will be fo let the 
Point be taken where it will in the 
Right-Line 77, except in the Point E, 
the Right-Line 755 is therefore a Tan- 
gent to the Curve in that Point. 


O. E. D. 


COR. I 


The Diſtance 77, from the Focus to 
the Interſection of the Tangent and 
Axis produc'd, is equal to the Diſtance 
, from the Focus to the Point of 
Contact; for RG being parallel to f, 
and the Angle / R being biſected, the 
Angle R G7, is equal to the Angle 
&, (by 29. El. 1.) equal to the Angle 
FE; the Triangle 77 C is therefore 


Iſoſceles, (by 5. EI. x.) conſequently 
fT=fC. 


CUR IL 


The Diſtance VT, from the Vertex 
to the Interſection of the Tangent and 


H Axis, 
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Axis, is equal to the Abſciſſæ V/ E, for 
KE, (6) =Tf, and Kf, common 
to both, being biſected in /, (Cor. 4. 
Theor. 7.) conſequently V T = E, 
Hence, GE:2VE::R:7, EGT. 


THEOREM X. 


The Velocity of a Body moving in 
the Curve of a Parabola will be, in any 
Point as &, (Ig. 10.) equal to what it 
wou'd acquire in falling through K E, 
= KV +V EtheSublimity and Height 
of that Part of the Curve. 


DEMONSTRATION 


If the Body was depriv'd of Gravity 
in any Point of the Curve as at the Ver- 
tex V, it wou'd continue to move equa- 
bly in a Right-Line according to the 
Direction V/, and Velocity it had at 
that Point; (er Law 1.) in like Man- 
ner, if Gravity ceas d to act in any other 

3 Point 
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Point as &, the Body wou'd proceed e- 
uably in the Tangent G H, and (by 
Gor 1. Theo. 3.) G Band HD being 
parallel to the Axis 7 C, or the Directi- 
on of the Force of Gravity, & H wou'd 
be paſſed through in this Caſe in the 
ſame Time that BD, or its equal G F, 
wou'd in the former Cale ; but by the 
ſimilar Triangles G FH, GET, GF. 
GH::GE:GT, that is, the Velocity 
in the Vertex, is to the Velocity in any 
other Point in the Curve, as the Ordi- 
nate, is to the intercepted Tangent. 
Now (by Theo. 7.) 4V KR H= 
EGI, but EG1+4V E1(=ET!) = 
G , (by 47. El. 1.) which two Equa- 
tions give this Analogy, G E: G77: : 
4V KxVE: q4VKxVE+4VPE!, 
and dividing the two laſt Terms by 
4LE, you have EG“: GT:: K: 
L'K+VE, or KE, conſequently GE 
T:: VK:. RTE, orv KE; 
but EG, is to GT, as the Velocity in 
the Point V, is to the Velocity in the 
H 2 Point 
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Point G, by what was demonſtrated a- 
bove, and the v V K, is to /K E, as the 
Velocity acquir'd by falling through 
KE, to the Velocity acquir'd by fal- 
ling through K E, (Cor. 2. Theo. 5.) 
but the Velocity in the Point V, is e- 
qual to what wou d be acquir'd by fal- 
ling through KV, (Theo. 7.) conſe- 
quently the Velocity in the Point G, 
is equal to what wou d be acquir'd by 
felling through KE, the Height and 
Sublimity. E. D. 


CO R. I. 


If a Body falls through Z A= KC, 
the Height and Sublimity of the Para- 
bola A, & M, and if with the Veloci- 
ty acquir'd at the Point A, the Directi- 
on of its Motion be chang'd into At, 
the, Jangent to the Parabola in that 
Point, it will continue to move in the 
Curve of that Parabola; for, (by Theo. 
6.) it will move in a Parabola, and by 

5 „ 


„ 9 AM _—_— _ — 
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the laſt, the Velocity is the ſame where- 
with that Parabola was deſcrib'd, and 
by Hypotheſis, the Direction is a Tan- 

ent to the Curve at that Point A, con- 
— its Way, or Path, will be the 
ſame upwards that it wou'd have been 
downwards; for (Cor. 2. Theo. 7.) Gra- 
vity will in equal Times deſtroy the Mo- 
tion which before it gave, and by act- 
ing always according to the ſame Te- 
nor and Direction, it will retain the Bo- 
dy in the ſame Curve, 


COR II. 


Hence, if a Body is projected di- 
rectly upwards with the ſame Force 
wherewith an equal Body is projected 
obliquely, it will aſcend to a Height e- 
qual to the Height and Sublimity of 
the Parabola deſcrib'd by the Motion 
of the oblique Projection, 


COR, 
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COR. II. 


Hence, every Parabola that can be 
deſcrib'd by the fame Impetns AZ, has 
its Height and Sublimity equal to that 


Impetus, for A = C VK. 


COR. IV. 


All the Parabola's that can be de- 
{crib'd by the ſame Impetus have their 
Focus Points f, J, V, &c. (Fig. 13. 
in the Circumference of a Circle, whoſe 
Radius is the Impetus AA, and Center 
As, the Place of the Engine; for (by 
Theo. 8. & Cor. ultima) AA, Af, and 
CK, are ſtill equal let the Direction be 
what it will. 


COR. V. 


All horizontal Amplitudes made, 
with the ſame Impetus at different Ele- 
vations, 
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vations, are to each other as the Sines 
of the Arches Z f, LF, &c. the Diſtan- 
ces of the Focus from the Zenith of the 
Engine; for let the Focus Point f, be 


taken any where in the Semicircle Z f 


FM, its plain that H/, the Sine of the 
Arch Z , will ſtill be equal to AC, the 
Ordinate to the Point A, which is half 
the Baſe or Amplitude Am; but, be- 
cauſe the Sine of the Arch Z is alſo 
the Sine of f V, its Complement to a 
Semicircle, and becauſethe Angle f AZ 
is double AA, the Complement of the 
Elevation, (Theo. 9.) the Arch M, or 
Angle FAM, will {till be double the 
Angle of the Elevation; for double any 
Angle and double its Complement 
make a Semicircle ; H/, is therefore 
ſtill the Sine of double the Angle of E- 
levation. 


COR VL 


Hence, all horizontal Randons made, 
with the ſame Impetus at different Ele- 
| vations, 
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vations, are to each other as the Sines 
of double the Angles of Elevation. 


COR. VI. 


Hence alſo, the 2 horizontal 
Randon is double the Impetus, and the 
Elevation wherewith it is made is 45“. 
or half a Right-Angle ; for when the 
FocusPointF, is in the horizontal Line, 
AM=21Af, is the greateſt horizon- 
tal Randon poſſible, by that Impetus; 
and becauſe Lo Direction, or Tangent, 


biſects the Right-Angle TA A, FAT 


the Elevation is half a Right-Angle. 


COR VEL 


Hence, any Object, whoſe Diſtance 
on the Plane of the Horizon is leſs than 
the greateſt Randon, may be hit by 
two Elevations, each of which is the 
Complement of the other to 900. for 
when the Focus Points f, and #; are e- 


qually 


K& Q EF || Þ 
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qually above and below the horizontal 
Line AM, becauſe the Sines / and 


$f are equal, the horizontal Ampli- 


tudes will be equal, (Cor. 5th.) and be- 
cauſe the Directions ſtill biſects the 
Angles between the Focus and Zenith, 
they muſt be equally above and below 
455 and ſuch are ſtill the Complemens 
of each other to 90˙. 


COR N. 


In any two Parabola's deſcrib'd by 
the ſame Impetus, and with Elevations 
equally above and below 45*, the 
Height of the one will be equal to the 
Sublimity of the other ; for, becauſe 
CFC, FC YC CTC = u KK, 
(Der Theo. y.) and uK+Cu CA 2 Cu 
=CK ; but f C+ 1/ K=CK, (Cor. 


=fC+2Cn, and Cu- K, that is Cu, 
the Height of the Par abola Au m S the 
Sublimity , of the Parabola AL m, 
Sc 6 I | THEOQ- 


4th. Theo. 7th.) therefore fC+2 LV 
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THEOREM XI. 


The Time, or Duration, of any ob- 
lique Projection made on the Plane of 
the Horizon, is to the Time of a per- 
pendicular Projection made with the 
ſame Impetus, as the Sine of the Eleva- 
tion of the oblique Projection, to the 
Radius. 


DEMONSTRATION, 


Becauſe AZ= Af, and the Directi- 
on At (Fig. roth.) biſects the Angle 
FAZ, (Theo. gth.) the Triangle Ad 
is Right- angled at 4; and if A is made 
the Radius, Z dis the Co- ſine, and Ad 
the Sine of the Angle of Elevation; 
make J = C, and, becauſe f//= 
VK, (Cor. 4th. Theo. 7th.) the Right- 
Line © V will paſs through the Point 
d, and Triangle 49 dis Right-angled 
at ©, therefore AZ, Ad, and A.© are 


con-> 
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continual Proportionals, (by 8. El. 6.) 


and AZ : Ad:: AL: AD; but 
A, is to A, as the Time of 
the Deſcent of a heavy Body through 
AZ, to the Time of the Deſcent 
— AJ; (Cor. 2. Theo. 5.) conſe- 
quently thoſe Times are as A Z, to Ad; 
but the Time of every Projection is 
double the Time of the Fall from the 
Height of that Projection, (Cor. 2d. 
Theo. 7th.) therefore the Time of the 
oblique Projection is to that of the 
perpendicular Projection, as /A, 
toy AA, or as Ad the Sine of the 
AngleofElevation, to AZ the Radius, 

O. E. D. 


1 


Since the Time of every oblique 
Projection is to that of the perpendi- 
cular Projection, as the Sine of the 
Angle of Elevation to the Radius, they 
are to each other as the Sines of their 
reſpective Elevations. 
11 KCH O- 
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SCHOLIUM III. 


From what has been demonſtrated, 
every Problem relatin to Projections 
made on the Plane of kel Horizon may 
be reſolv'd by Plain Trigonometry ; for, 
in the Triangle Af C, (Fig. 13th. 


I. Af= AZ=thelmpetus, or half 
the gr. Ran. (Cor. zd. Theo. roth.) 


Il. AC=; Am the horizontal 
Amplitude. (Cor. 5. Theo. 10.) 


II. AFC FAZ double the Com- 
ie of the higher, or double the 


ower Elevation. (Theo. 9. and Cor. 8. 
Theo. 10.) 


IV. af n= 2 LY K = the Sublimi- 


ty of the Higher and Height of the 
Lower ts becauſe DEX 
„. 


of Projeti. 61 
Cu. (Cor. 4. Theo. 7. and Cor. 9. 
Theo, 10. 


v. ACK CH che Sub- 


2 

limity of the lower and Height of the 
higher Projection, becauſe each of 
theſe is the Complement of the other, 
to the Impetus A/. (Cer, 3, Theo, 10.) 


Noy, fince the Right-Angle is al- 
ways known, from any two of theſe five 
Articles being given, the reſt may be 
found]; but fince the Angle f A VV, or 
Arch f N, (Fig. 13.) is ſtill double the 
Angle of Elevation, if, with the Radius 
A Z=tothe Impetus, (Fi. 14.) the Se- 
micircle AZFN is deſcrib'd, and its Pe- 
riphery divided into 90 equal Parts, 
reckoning from /V upwards, 10. 20. 
30. 40. Se. to Z, the right Sines of 
thoſe Parts $10. $20. $30. $40. &c. 
will {till be half the horizontal Ampli- 
tudes at 10. 20. 30. 40. c. Degrees 
of Elevation, and each reſpeRive ver- 


ſed 
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ſed Sine HN, will be double the Alti- 
tude, and G Z, double the Sublimity of 
the Projection made at the carreſpan- 
ding Elevations. 2 85 


THEOREM NI. 


The greateſt Diſtance that an Ob- 
ject can be reach'd on any Plane, as 
well aſcending and deſcending, as ho- 
rizontal, has Is Focus Point of the Pa- 
rabola deſcrib'd by the projected Body 
in the Right-Line that joins the Ob- 
ject and Engine. 


DEMONSTRATION. 


Let the Impetus A Z, (Fg. 11.) and 
its equal Y K, be perpendicular to the 
horizontal Line A M, and let AX be 
ſuppos'd to be the greateſt Diſtance 
which that Inppetus can reach on the 
aſcending Plane A D, (by Cor. 4. Theo. 
10.) all the Parabola's * can be de- 

(crib'd 
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; ſcribꝰd by thatImpetus, have their Focus 


Points in the Circumference of the 


Circle AZ FV; &c. and (by Cor. 2. 
Theo. 8.) the Parabola that paſſes 
through the Point &, has its Focus 
Point in the Circumference of the Cir- 


cle XXI, &c. deſcrib'd on the Point 


X, with the Radius & K, equal to the 


Height and Sublimity of that Part of 


the Parabola. Now, it is plain if the 
Circles did not meet, the Point Xwou'd 


be without the reach of that Impetus, 


and if they interſected each other, it's 
alſo obvious that the Center & might 
have been taken farther towards D, as 
in Tig. 19th, and then the Diſtance 
AJA, as now taken, wou'd be leſs than 
the greateſt Diſtance, which is contra- 


"7 to the Hypotheſis ; the Circles muſt. 


erefore only touch each other, and 


the Focus Point muſt be in the Point 
of Contact; but (by 11. EI. 3d.) the 
Point of Contact of any two Circles is 
inthe Right-Linethatjoins their Cen- 

| ters, 
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ters, that is; in the Right-Line A.X 

that joins the Object &, and Engine 4. 
E. D. 


"CURL 


After the ſame Manner it is demon- 
ſtrated that the greateſt Randon A X, 
(Fg. 12.) on any deſcending Plane, has 
the Focus Point f of the Parabola 
in the Line that joins the Object &, 
and Engine A, which is obvious by the 
Figure and what was ſaid in the laſt, 


C 0 K. II. 


Hence, (and from Theo. 9.) the great- 
eſt Randon on any Plane, and conſe- 
quently the leaſt Force that can reach 
= Object, is with a Direction that 

e 


&s the Angle between the Object 


and Zenith. 
C O R. IIL 


The greateſt Randon that can be 
made by any Impetus on any aſcending 
Plane, 


92 


om, k— 


a, Z7 A r ct. 
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plane, is double that Impetus leſs by 
the Height of the Plane, for AX + 
XY=2 Af, and 2 Af —=XY= AN, 
(Fg. 11.) 


COO R. IV. 


Hence, if the Impetus Af, and E- 
; levation of the Plane * A IN. are given 5 


it will ſtill be R+S, Y AX:R:: 24 


: AX; for R: &, VA:: ANT: AT, 

and by Compoſition, (becauſe AX+ 
XY--2 Af) R+S,YAX:R:: 2Af 
: AX, 


Hence, ſince R and 2 Af are ſtill 
the middle Terms; letthe Elevation of 
the Plane be what it will, the Product 
of the Diſtanc2s on different Planes in- 
to the Radius more their reſpective 
Sines will ſtill be equal, and conſe- 
quently thoſe Diſtances will be recipro- 
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cally proportional to the Radins more 
their Sines, | 
CY Mk vh - 
If the Impetus Af, and horizontal 
Diſtance AV, (Fig; 11.) of the Perpen- 


dicular VK are given, the greateſt 


Height Y X which that Impetus can 
reach on that Perpendicular will be = 


AY?! 1 
A — — ſince AX+XY=24 0 
/ 4 Af h 


let a=XY, and 2 Af—=a= AX, then 


AX1—XY1=AY?, (47. El. 1.) that 
is, 4Af1 -4Afx a=AY?!, which 


7 
gives a= Af — — XV the Height. 


447 
. 
The greateſt Randon AX, (Hg. 12.) 


that can be made on any deſcending 
Plane is double the Impetus A/, more 
Y X the Depth, or Deſcent, of the 
Plane; for AX=Af+XK, that is, 
(becauſe /f=Y K) AX=2 Af/+Y X. 

| COR, 


goo PSY, WW at % CY Dr PP. oc” 
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COR VII. 


Hence, if the Impetus Af and De- 
preſſion of the Plane Y A X are given, 


: AX, for R:, AN:: AX: XI, 
and by Diviſion, (becauſe A 2 A/ 
+YX)}R-—S,YAX:R::2Af: AX. 


C OR. N. 


Hence alſo, it's evident that if the 
Diſtance A (V. 19.) is taken leſs 
than the greateſt Diſtance the' Impe- 
tus can reach, the Circles deſcrib'd on 
A, and A, with the Radii Af and X K, 
will interſect each other in two Points 
Fand F, equally diſtant from the Point 
„q where the Focus of the Parabola 
wou'd be if AA was the greateſt Di- 
{tance that Impetus cou'd reach; which 
Points f and F, will be the Foci of two 


; Parabola's deſcrib'd by that Impetus, 
: K 2 each 


it will ſtill be R SH VAX: N:: 2 Af 
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each of which vill paſs through the 
ans a 


COR X. 


Hence, any Object, whoſe Diſtance 
is leſs than the 2 the Impetus 
can reach, may be ſtruck by two Di- 
rections each of which are equally a- 
bove and below the Line that biſe&s 
the Angle between the Object and Ze- 
nith ; for, ſince f and F, are equally 
above and below the Point &, the Di- 
rection which ſtill biſects the Angle 
between the Zenith and Focus (Theo. 
9.) muſt be equally diſtant from the 
Line that biſects the Angle between 
the Object and Zenitiiunm. 


COR XI. 


Hence, from the Impetus Af, (Vg. 

1 9.) and Diſtance A X on a Plane of a 
given Aſcent being given, the Directi- 
| e ee 
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on may be found, for from the given 
Diſtance AX, and Aſcent YAX, the 
Height Y X is given, then becauſe fx 
= Af—XY, 2 Af—XY is the Sum 
of the Sides 4 f+fX, and XY their 
Difference ; whence in the Triangle 
AFK, it will be AX: 21 XV: : 
XV: Ag the Difference of the Seg- 


ments of the Baſe AA, and AX+Ag | 


2 
| = AP the eater Segment; then Af: 


AP::R:S,AfP ; but fd being per- 

ndicular to AM the horizontal 
Fine and f P to AX, the Angle P, 
= 44 P the given Aſcent, — 47 
-dfP=Afd=f AZ double the Com- 
plement of the Elevation: (Theo. 9.) 
therefore 90? Af d= the 13 
Note, if 7 the Focus is below the hori- 
zontal Line AM, AFP + P FD= 
AFD, or 7 AN will be double the E- 
levation. (Cor. 5. Theo, 10.) 


COR, 
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COR. XII. 


If the Impetus AZ A F, (Fre: 20.) 
aud Diſtance AX, on a Plane of a gi- 
ven Deſcent are given, to find the Di- 
rection, it will be AX:2 AF+XY:: 


XY: X N, and N Ad, chen 


AF: AP:: R: &, AFP— = AfP, and 
AFP —PFp= AFD=FAN, dou- 
ble the Elevation; (Cor. 5. Theo. 10. ) 
AFP— PF D 
2 
er ie And AFPYPFD·IU 
AfP-+ P fd equals A fd, double the 
Complement of the hi gher Elevation. 
Whence 90 A fd the higher E- 
levation, "all which is plain from the 
. and what was Aid in the laſt. 
If the higher Direction exceed 
the Complement of the Deſcent of the 
Plan XA, the lower Direction will 


be a Depreſſon, which is plain _ 
| rae 


equal the low- 


whence- 


— — — — —. — — —— — 
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the Figure; for in that Caſe the lower 
Focus will fall beyond the Nadir Point 
N, as at V, and becauſe the Direction 
Rill biſects the Angle between the Fo- 
cus and Zenith, it will be below the ho- 

rizontal Line AM, but ſtill FV, or 
| Angle FAN, will be double the De- 


preſſion. 


LEMMA I. 


In every Parabola, the Latus-Rec- 


| tam L=LD (Fig. 5.) is to the Sum of 


any two Ordinates, as the Difference of 


thoſe Ordinates, is to the Difference of 
their Abſciſſæ, cha is, L: AY::YM 
1 C. 


DEMONSTRATION. 


ExVC=AC!, and LX VIE 
E G1, (Theo. 7.) whence, LxVC-L 
iVE= AC'-EC £ conſequently, 
L. AC+EG:: AC-EG:VCVE; 
that is, (becauſe ACE GAL, and 
AC—EG=YM, alſo, C- E= 
Y) L: A:: 1M: 1G. O. E. D. 
| LE M- 
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LEMMA WI 


The Latus- Rectum L., is to any 
double Ordinate AM, (Fg: 21.) as 
Radius to the Tangent of the Angle 
M At, which that double Ordinate 
makes with the Tangent Ar to the 
Point A; 


DEMONSTRATION: 

Let 6= AM; r=the Radius, h = 
the Height CV, and 7 the Tangent; 
then 1: 25: : T. but h: 45H: L: b, 


(Theo. 7.) conſequently, L: b:: 1: T. 
O. E. D. 


THEOREM XIII. 


In any Triangle inſcrib'd in a Para- 


bola having a double Ordinate AN 


(Lg. 21.) for its Baſe, and its Vertex x 
any wherein the Curve above that Or- 
dinate, 
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dinate, the Sum of the Tangents of the 
Angles at the Baſe, will (till be equal 
the Tangent of the Angle M At, 
made by the Tangent to the Point A 
and its Ordinate. 


DEMONSTRATION. 


| Letz=AY, and L, b, r and T, as 
before: then, ( per . 399 


5-2: Væ, Ee adhs Fig) 


_ r:T,Y Ax, equal 


2 out, becauſe V A, 


-: bees 1:7: T7, Y Mx,cqual 


—— but the Sum of theſe Tangents 


Ze r 2 FS 


5 equal (per Lem. 

2.) the Tangent of the Angle M Az. 
O. E. D. 
L COR. 
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COR. I. 


Hence, from the Direction and ho- 
rizontal Amplitude given, the Diſtance 
A x on a Planc of any given Aſcent is 
found : for 7, M A#—T, MAx=T, 

AM x, and having the Angles at the 
Baſe you have the Angle Ax M, then 
H. Ax M: H AMx:: AM: Ax. the 


Diſtance requir'd. 


COR. IE 


Hence, from the Direction and Di- 
ſtance on a Plane of a given Aſcent, 
the horizontal Amplitude is found. 


CO R III. 


Hence allo, from the horizontal Am- 
plitude and Diſtance on a Plane of: 
given Aſcent being given, the Directi- , 
on may be found: for in the Triangle 2 


Ax NH 


r . BO 


of Projeftiles. 75 
Ax M the Sides AM, Ax, and the 


Angle MAx, are given to find the 


Angle A Mx; then, 7, MAx+7T, A 
Mx=T, Mai the Elevation fought. 


THEOREM NIV. 


The Difference of the Tangents of 


the Angles M Az, and R X7, which 


any two Tangents make with their re- 


* Ordinates in oppoſite Sides of 
the Parabola, is ſtill equal to double 
the Tangent of the Angle AAR, or 


M A X, which the Right-Line AX, 
that joins the Points of Contact, makes 


with either Ordinate. 


DEMONSTRATION. 


Let XN z and L, b, r and 7, as 
before; then, becauſe R VN =2 and 
22—b=RR, (per Fig. 21. and Lem. 
2) L: 122-1 :: 1: T., RXNT,=m 

L 2 272 


27 2—1 


D. by but (per Lem. x.) 2470 
b AN= and (per Fig) 


. L 
S8 — 68 12 br 
W NAR 


a 8 271 6 
double which (viz.) ole ” 4 , ta- 
TW : : 272 -rb EST v 3 
above, leaves . =( Her Lem. 2.) 7. 


—_ 2E. D 
CORK bil 


Hence, if the Elevation M A+ and 
horizontal Amplitude AM are given, 
the Diſtance AX on a Plane of any gi- 


ven Deſcent M AX, ma be found ; 
tor (by the x 3th. and lat) 7, RX A 


+7, X RA, and7, MA 5 MAY 


7 


F Projeftiles. 7 
ET. AX &) are each equal to 7, R 
A, wherefore 7, MAt+7, MAX 
J, XR A, or RX M, and XH 
RXA= AXM; conſequently, in the 
Triangle M A the three Anglesand 
the Side AIM, are given to find the 
Side AX. | 10 25 


. 
The Elevation M As and Diſtance Ml. 


| AX, ona plane of a given Deſyent, he- | 
ing given, the horizontal Amplitude | 
AM may be found: for the 7, M At | 


+7,MAX=T,XRA, or RXM, and j 
RX RAA AXM: conſequent- J 
ly, in the Triangle MAX the three } 
Angles and the Side A, are given to 0 
find the Side AM. 4 


| COR, III. 


J i 

j I 1 

4 If the horizontal Amplitude and Di- 1 
ſtance on a Plane of a given Deſcent ] 

7 are | by 
[ 
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are given, the Direction may be found: 
for in the Triangle AX M the Sides 
AMand AX, and their included An- 
gle are given, to find the Angle AX M, 


then, the Tangent of the Sum of the 


Angles AX MX AM, leſs by the 
Tangent of the Angle XA M= the 
Tangent of M Az, the Elevation re- 


quir d. 


of The End of the Firſt Part: 


PART 


(67909 
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CS — 
The DocrRINE of PRro- 
JECTILES applyd to PRo- 


BLEMS of PRACTICAL 
GUNNERY. 


+4 —— 4 ” Vs UU 


AVING in the foregoing 
I Sefons explain'd and demon- 
| ſtrated the Theory of Projectiles, 
and the Laws of Motion and Gravita- 
tion, as far as was requiſite to the 
Knowledge of it; I now proceed to ap- 
ply that Theory to the Art of Gunnery 
in all the moſt uſeful Examples that I 
think an Ingencer can have Occaſion 
for, with reſpect to the projectile Part, 
which is all that is deſign'd here; but 
firſt, it will be convenient to ſhew how 
to direct a Piece of Ordnance accor- 
ding toany Degree of Elevation or Dc- 
preſſion. Let 


80 Problimt of; &c. 

Et AB, (NR. 18.) ben Ruler of = 
bout five Foot long, and let each Qua- 
drant of the Semicircle A DC; q DC be 
divided into 90 and mark'd at each 
ten, thus, 10; 20, 36, Sc. counting 
from D towards A, and qz the Spring 
B fg is made of Steel and fixt to the End 
B, in order to keep the Ruler cloſe to 
the lower Side of the Cylinder, or Bore 
of the Piece, that ſo it may be parallel 
to the Axis of the Cylinder heli it is 
thruſt into it : Now it is plain; by the 
Fig. that if the Piece is elevated any 
Number of Degrees from the horizon- 
tal Line HO, the Thread of the Plum- 
met CK, vill cut the Number of De- 
grees on the Limb of the Quadrant, 
for the Angle CBO K CD, becauſe 
BCKis the Complement of each to a 
Quadrant. And thus may a Mortar, or 
any other Piece of Ordnance, be eleva- 


ted or depreſs d to any Degree, which 
is call'd laying them to paſs. 


CHAP. 


bs _ L & | 


C AP. 3 


Of PRo0JECTIONS ods 
the PLANE of the HoR1- 
ZON. 


* —— 
— 


CASE I. 


\ Piece whoſe greateſt Randon is 
AM (Fg. 13.) 8000, Quere 
her Elevation to ſtrike an Ob- 

ject at m, Whoſe Diſtance from the 

Piece is Am = y 280; as alſo the Height 

CV, and Sublimity VK, of the Pro- 

jedtion. | | 

: AM=Af= 4000, Am- AC= 

2640, then, Af: AC::R:S, AfC= 

41%. 18, and 90˙% A4 C= 69. 21, 

che higher Elevation, alſo: AC 207. 

. 39 
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39' the lower Elevation, and, R: S, C 


Af:: Af: fC= n CV 
= 3502.5 the Height, allo Af-VC 
=L K= 497.5 the Sublimity; all which 
is obvious from the Fr wo ard Scho- 
lum 3d. | 


CASE II. 


A Piece whoſe greateſt 8 is 


AM (Fg. 13.) = $000, Quere her 


Randon at 699. 21', =(CAt, as alſo, 
the Hei ght: and Sublimity of the Pro- 
jection. _ 


R:S$,2|CAt:: AM: Am = 5280. 
the Diſtance required ; (Cor. 6. "Theo 
10.) the reſt are found, as per Caſe 1. 


CASE IM. 


The greateſt Randon of a Piece "Di 
ing AN Ig 13.) gooo, and ages 
| O 
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of a Projection made at Random C 
3502.5 given, to find the Sublimity, 
Direction, and Amplitude. 


:AM=AF=CK, and CR 
CY K = 497.5, the Sublimi- 
(Cor. 4. Theorem 7.) then Af : f 
: R: H, CAf=489. 42, and | — 
= 69%. 21'=C Az, the Direction 
| fought ; alſo R:$,2|CAz:: AM: 
Am = 5280, the Amplitude. 


CASE I. 


The greateſt Randon AM(Fig. 13.) 
= 8000, and Sublimity of a Projecti- 
on VK = 497.5 given, to find the 
Height CV, Elevation CAt, and Am- 
plitude AM. 


:AM= A/, and Af- K=CV = 
3502.5 the Height, and (by Cor. 4. 
Theo. 7.) CW K=fC=3005,and 


2 having 


= 
4 
? 
- 
+ 3J 
l 
1 
9 
f 
o : 
: 
{4,9 
it 
Tl 
: 
to 


384 Problems of 
having Af and 7 C, the reſt are found, 
as per Caſe 3. 2 


CASE V. 


The Amplitude Am (Hg. 13.) 
5280, and Elevation C Az equal 699, 
21' given, to find the 74 4% 
Height CF, and Sublimity V K. 


$2[CAr:R:: Am AMS gr. Ran. 
= 8000, and ; gr. Ran, = A f= 4000 
the Impetus ; (Cor. 6 & 7. Theo. 10.) 
then, 2CAz—9go* CA f. per Fig 
and R:$,CAf:: Af: fC=3005; allo 


Ver Schol. z.) cu; 502. 


the Height, and Af = C K- 
497.5 the Sublimity of the Projection, 


CASE Vl. 


The Amplitude Am (Fg. I 3.) = 
$280, and Height C/= 3502.5 gi- 


ven, 
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ven, to find the Elevation CAt, Impe- 
tus Af, and Sublimity K.- 


Am 1640 AC, and 2 C/ Ct; 
| (Cor. 2. Theo. .) then 4 C: Ct: : R: T, 
CA = 69. 21 the Direction ſought, 
and having the Amplitude Am, and 
Direction CA 7, the reſt are found, as 
per Caſè 5. NE TY 


CASE VI. 


The Amplitude A m2 (Fig. 13.) = 
5280, and Sublimity R= Cu=49 7.5 
the Height of the lower Projection 
(Cor. 9. Theo. 10.) being given, to find 
the Direction C Az, Impetus Af, and 
Height C. 


Am AC, and 20u = Ci, (Cor. 2. 
Theo. 9g.) then AC: Ci: : R: 7, CA := 
209. 39“, and 90% C A= 699. 21' = 
At the Direction ſought, (Cor. 8. 
Theo. 10.) and having * monies 

an 


| 
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* 


and Amplitude, the reſt are found as 


per Caſe 5.. | 


CAFE VIII. 
Ihe Elevation CA: = 69. 21 (Hg. 
13.) and Height C/=3502.5 being 


given, to find the Amplitude Am, and 
Sublimity V K. 


2 CV =C'e, (Cor. 2. Theo. g.) and &, C 
At: S,CrA::Ct:CA=2640, and 
2CA= Am 5280 the Amplitude, 
the reſt are found as per Caſe 5. 


CASE N. 


The Elevation C Az (7g 13.) 


699. 215 and Sublimity V K 497.5 
Cu the Height of the lower Projec- 
tion (Cor. 9. Theo. 10.) being given, to 
find Am, Afand CF, the Amplitude, 
Impetus, and Height, 


90" 


3 ov «a Wert 
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90˙ C At = 10%. 39'=C Ai, the 
lower Elevation, (Cor. S. J heo. Io.) and 
20⁷ Ci. (Cor. 2. Theo. .) then &, CA: 
H CA:: Ci: CA 2640, and 2AC 
Am = F5ꝛ8o, the Amplitude ſought, 
alſo &, 2 Ai“: AC:: R; Af 4000 
the Impetus, and Af - RCT 
| 3502.5 the Height of the Projection. 


CASE X 


The Height C/=3 502.5, and Sub- 
limity / K = 497.5 given, to find the 
Impetus A/, Elevation C Az, and Am- 
plitude Am. (Fig. 13.) 


CV +V K=C K= Af, the Impetus 
(Cor. 3. Theo. 10.) CV —V K=3005 
C, (Cor. 4. Theo. 7.) then Af: FC:: 
R:S,fAC= 485. 42, and 2 EL 
= 69%. 21'=C A the Elevation, alſo 
R:S,2|CAt ::2 Af: Am=5280 
the Amplitude ſought. 


Note, 


/ 


Noe, If nothing is required of the 
Ingeneer but to reach the Object, let 
45* bethe conſtant Elevation, and the 
abſolute Forces which are as the ſquare 
| Roots of the Impetules (Gor, 4, 7heo, 
5) are as the ſquare Roots of the Pi- 
ſtances ; (Gar. 7. Theo, 10.) but the ab- 
ſolute Forces are à8, their adequate 
use the Gun- Powder, whence 1 
Charges requiſite to carry equal Shot 
Fo Diſtances are N Ss {quare 
Roots of thoſe Diſtances. 5 


ee 
The greateſt Randon of a Cannon- 
Royal being 8000 Paces, and her Re- 
quiſite of Powder for that Randon 28 


Pounds, Quere the Requiſite of Pow- 
der to carry her Shot 3600 Paces. 
7 | 


1b 
8000 : /3600 : : 28: 187, the 
Charge required. Mote, If ali the 
Powder exerted its Force in the Chace, 
or Bore, of the Piece, this Proportion 
— — wou d 


== * ur 


— 
— 
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wou'd be Mathematically true; but 
ſome of it, eſpecially in high Charges, 
does not take Fire till out of the Mouth 
of the Piece, which will occaſion ſome 
Variation, &c. By Randons made at 
this Elevation much Gun-Powder may 
beſav'd, and theIngeneer more certain 
of hitting the Object than at any o- 
ther; for an Error of a Degree above, 
or below 45, will not produce a ſenſi- 
ble one in the Diſtance, becauſe the 
Sines within a Degree of 909, differ ve- 
ry little from the Radius, and thoſe | 
Sines near the Elevation of 45*, are as Þ 
the Diſtances. | 


CASE il > 


The Impetus of a Cannon Royal 
being 12000 Feet, Quere the Celerity 
of her Shot at parting from the Mouth 
of the Piece, or at meeting with the 
Object on the Plane of the Horizon, 
for in both Caſes, the Celerity is equal 

Wh to 
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to what wou'd be acquir'd by fallin 
through the given Impetus. (I He. x I 
8 vy12000=876 the Celerity re- 
ee, or the Feet the Ball moves 
t 


rough in a Second of Time: this fol- 


lows from Theo. 5. and its Corolarzes, 
and becauſe a heavy Body falls through 
16 Feet in a Second of Time. For, 
from theſe 16 : 32 ::v12000 :; 876 
the Celerity, and becauſe 4, and 32 
are the two firſt Terms in the Ratio, 
the ſquare Root of any Impetus multi- 
ply'd by 8, will give the Celerity. 


CASE NIEL 


The Impetus ofa Piece being x 2000 
Feet, and : Weight of her Shot 63 
Pounds, Quere the abſolute Force, or 
Momentum of the Ball in known 


Weight. 


By the laſt Caſe, 8x v12000 = 879 
the Celerity, and (per Scholium 2. 
to the Laws of Motion) BX C'x1.3= 

M, 
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M, that is, in Numbers, 63 * 876 
1.3 71744 the Momentum or 
abſolute Force in Pounds, which is a- 
bout 324 Tuns Averdyupois. Note, be- 
| cauſe 8, and 1.3 are conſtant Multi- 
pliers, 8 x 1.3 10. 4 will be a conſtant 


Multiplier. 
CASSIE XIV. 


| A Piece whoſe greateſt Randon. is 

$000, and whoſe abſolute Force is 
71744 Pounds, Quere with what 
Force ſhe will ſtrike an Object whoſe 
Diſtance is 5600, and whoſe Surface 
reclines, or leans directly from the Per- 
pendicular 42“. 


8000; 5600 ::R:8, 44. 26“ dou- 
ble the Elevation, conſequently the 


Ball ſtrikes the Plane of the Horizon 


at an Angle of 22%. 130, and the Sur- 
face of the Object, which reclines from 
the Perpendicular 425, at an Angle of 
70. 13); then (per Theo, 2.) R os 
2 13 
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13':: 71744 : 67512 the Forcc re- 
quired, 


CASE XV. 


The greateſt Randon of a Piece be- 
ing 8000, Quere at what Diſtance ſhe 
will ſtrike an Object with the greateſt 
Force poſſible whoſe Surface reclines 
42, 

Since the Surface reclines 429, it's 
plain, the Direction to ſtrike it at Right 
Angles, which is the Direction of the 
greateſt Force, is 425 then R; H. 2 
[42*:: 8000: 7956, the Diſtance re- 

uired. Hence it's eaſy to obferve, It 
* if the Surface of an Object recline a 
452, the greateſt Force it can be ſtruck t 
with is from the greateſt Diſtance, and 14 
the contrary, t 


Note, If the Ingeneer has Field- 
Room, and can vary his Poſitions and 
Diſtances as he pleaſes, he may ſtrike 

| al 


Cas — om. ” RT 
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an Octject, whoſe Surface is in a given 
Poſition, at any Angle, and conſe- 
quently with any Force he pleaſes, not 
exceeding the greateſt Force of his 
1 | 


CASE NVI. 


The greateſt Randon of a Piece be- 
ing 8000, Quere at what Diſtance ſhe 
will ſtrike an Object, whoſe Surface re- 
clines 422, with a Force which ſhall 
be to the greateſt Force of the Pieceas 


z to 4. 


4: 3:: R: 48. 35 = the Angle 
the Object mult be ſtruck at, (Theo. 2.) 
and ſince its Surface reclines 42* from 
the Perpendicular, its Complement 
48, taken from 489. 35 leaves 35 for 
the lower Elevation, and 48. 35'—42* 
= 6. 35 the Complement of 835. 255 
the higher Elevation. Then R: H, 
15, 10“:: 8000: 163, the Diſtance at 


the 
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the lower Elevation, and R: F, 2 


80s. 25: 8000: 1822 the Diſtance 
at the higher Elevation. 


CASE XVII 


A Piece whoſe gr. Ran. with 28 
Pounds of Powder is 8000, Quere her 
Charge to ftrike an Object at Right- 
Angles whoſe Diſtance is 1822, and 
whoſe Surface reclines 42“. 


It's plain the Direction which ſtrikes 
this Object at Right-Angles muſt be 


an Elevation of 42% Then FS, 2! 42* 
R:: 1822: 1832 = the greateſt r 
don for the Charge required, and 


Sooo: 1832: 28; 13. z the Charge 
requir'd, 


C H 1 


„ 


CHAP. II. 


Of Projections made on A- 
ſcending Planes, and to Per- 
pendicular Heights. 


————— oe Eno 1 ** ü 
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CASE XVII 


N F preateſt Randon of a Piece 
on the Plane of the Horizon 


being 8000, Quere her great- 

eſt Randon on a Plane whoſe Aſcent is 
6. 30. 

RA , 6e. 30': R:: 8000: 7186.4 

the Randon required. ( per Cor. 4. Theo. 

12.) Note, The moſt exact and expe- 


ditious Way to perform this and the 
like Operations is by the natural Sines; 
| for 
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for R F, 6*. 30 11132032, and 
$000-x-R -=- 800000000000 , then 
11132032)800000000000(7186.4 ; 
but if any one chooſe to do it by Loga- 
rithms, he muſt ſtrike off 4 Figures 
of the firſt Term for Decimals, and 
take 3 for the Log. of the Radius, 
then will all the Terms be had in the 
common Tables. | 


CASE XIX. 


The greateſt Randon on a Plane 
whoſe Aſcent is 69. 30“ being 7186.4, 
Quere the greateſt Randon on the 
Plane of the Horizon. . 


R: RF, 6*. 30“: : 7186.4: 8000 
the Randon required. 


CASE XX. 


; The greateſt Randon on a Plane 
whoſe Aſcent is 6. zo! being 7186.4 z 
e Quere 
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Quere her greateſt Randon on a Plane 


whoſe aſcent is 10%; 20. 
By Cor. 5. Theo. 1 2. R+8, 109. 206 


R F, 65. 30':: 7186.4: 6783, the 
Randon required. 


CASE XXL 


The greateſt Randon of a Piece ori 
the Plane of the Horizon being 8000, 
Quere the greateſt Height ſhe can 
reach on the Perpendicular Y K (Hg. 
rr.) whoſe horizontal Diſtance is AY 


27143. 


By Cor. 6. Theo. 12. + gr. Randon 


AY: 
2 gr. Ran. 


AI = 811 the Height 


fought. Or by the Logarithms thus; 


from the double Log. of AY, take the 
Logarithm of double the gr. Randon 
the Number anſwering the Remainder 
taken from : the gr. Ran. is the Height 
required. 3 
. O CASE 


Problems of 
CASE XML 


The greateſt Randon on the Plane 
of the Horizon being 8000, Quere the 
Direction to ſtrike the greateſt Height 


oſſible on the Perpendicular Y X, 
(Ag. 11.) whoſe horizontal Diſtance 


is AY =7143. 


Find Y .X, that greateſt Height by 
the laſt Ca/e, then XY: AY::R:T, 
AXY=T,83*%31=7,XAL, and 90*%— 
X AZ=48*. 15, the Direction re- 


quired. 


GAS E XA 


A Piece whoſe horizontal Randon 
at the Elevation VAI 64*. oz (Fig. 
19.) is Am = 6060, Quere her Ran- 
don at the ſame Elevation on the Plane 


AX, whole Aſcent is LAM =. zol. 
T,Y AI-T,Y AX=T, Am X=T, 
629. 44 (Cor. 1. Theo. 1 3.) whence t 


98 
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YAX Am X 699. 14, which 
gives Am = 1109, 46, but the Sine 
of the Sum of any two acute Angles is 
always _ to the Sine 10 the obtuſe 
Angle, therefore &, 695 , 62% 

44 .:: Am: A Gs hs Piltance 


required, 


CASE. Xav. 


A Piece whoſe Randon at 64. 02'= 
Y Al, is AX=5761,0n a Plane whoſe 
Aſcent i is Y AX=6*. 30), Quere her 
Ran. on the Plane of * Horizon at 
the ſame Elevation. 


75141 — DTAA =T,AmXoT, 
62. 44 then H Am: SAXm 
AX: Am = 6060. 


413K XXV. 


A Piece whoſe . at 40. on 


the Plane of the Horizon is 4 M (Fig. 
O 2 19.) 


Too Probleme of 
19. 2 7580, Quere her Ran. at 64“, 


o2'=Y A I, on a Plane whoſe Aſcent 
is YA X=6. 30", 


$,2 [40* : 2645. 02':: AM: 
Am = 6060, chen, 7 V A7 TYAX 
. AmX=T, 61". 44', laſtly & AXm: 
H, Am X:: Am: AX=5761, 


CASE XXVI. 


A Piece whoſe Randon at 64. 02'= 
M AI (Lig. 23.) is AX=5761, on a 
Plane 25 Aſcent is M 4 X=6*. zo, 
Quere her Randon on the ſame Plane 


at 21%, og = Az, 


T,MAi-T,MAX=T, AMX, 
whence we have AXM, then F \AMX: 
„ AX M.:: Ax: AM=6060, and 
H, 20 MAI. C, 2A: AM: Am 
= 5180, alſo Y. M A:— 7. MA x= 
T,Amx=T, :34*.10' ; ; laſtly, 8, Ax n: 
„Am:; Am: Ax=3678, the Ran- 
gon required. 


a el 
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CASE XXVIL 


A Piece whoſe Randon at 12 Az = 
219. 09', on a Plane elevated A x, or 
MAX=G. zol, is AX = 3678, Quere 
her Randon at MAI 6. o2', on a 
Plane whoſe Aſcent is MA D = 1 3*, 


7,mAi-T,mAx=T, Amæx 7, 15˙ 


16 whence we have Aa m, then $ 1 
nx: S, Ax m:: Ax: Am = 5180. 
and &, 1 9, 2 MAI :: Am: 
AM= 6060; alſo 2, MAI-T MAD 
=T, AMD; whence we have ADM, 
as before, and , AD M: F, AMD:: 


AM : AD= 5533 the Randon re- 
quired. 


CASE Xx um. 


A Piece whoſe Randon at HAI = 
649. 02 (Fig, 19.) on the Plane of the 
Horizon is 1 M=6859, Quere how 
high ſhe will ſtrike an Obe with the 

ſame 
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fame Direction on a Perpendicular > | 


whoſe horizontal Diſtance is A Y = 
6478. 


7,MAT:R::AM:L=3340= 
the Latus Rectum ; ( Lem. 2.) then 
AM—AY = 81=YM, and L: AY 

:YM:YX=739 (Tem. 1.) the 
Hei ght required. 


CASE XXIX. 


A Piece at A (Fig. 19.) elevated MAI 
= 64*. 02, ſtrikes an Object at X, 
whoſe perpendicular Height above the 
Plane of the Horizon is Y X = 739, 
and whoſe horizontal Diſtance is A Y 
= 6478, Quere her Randon on the 
Plane of the Horizon with the ſame E- 
levation. 


AX: IX:: R: Z, VLAN 7, 6b. 
and 7, MAI-TN AX 7,4 *. 
=T, 62 44 whence LXM 2e 16 


chen g, AMX: $,YXM::YX: YM 
— 3 1 


it 


t. 


© = „ 8283 
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=381,andAY+Y M=A M=6859 
the Randon required. 


CASE XXX. 


A Piece whoſe horizontal Amplitude 
at 64%.02' is AM (Hg. 7.) =6859, 
ſtrikes an Object with the ſame Direc- 


tion on the Top of the Perpendicular 


YG=739. Quere the horizontal Di- 
ſtance A Y, or AO of that Perpendi- 


cular. 


R: 7, 64. 02: : AC(=tAM):2CV, 
(Cor. 2. Theo. 9.) whence C = 3521, 
and CY YH =2782, and (per 
Theo. 6.) C: CM? :: EV: EG, 
whence E G=CY = 3048.5, and AC 
+CY=6478, the greateſt Diſtance, 
and AC—-CY = AO=38rx, the leaſt 
Diſtance. 


CASE XXXL 


A Piece at A (Hg. 19.) elevated 
m A I=64*. 02' ſtrikes an Object at X 
5 whoſe 


F 
: 


- 
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whoſe Perpendicular Height above the 
Plane of the Horizon is Y X = 739, 
and whoſe horizontal Diſtance is AY 
= 6478, Quere her Direction to ſtrike 
an Object on the Plane of the Horizon 
' whoſe Diſtance is AM=7812. 


AY:1X::R:T,Y AX=6% 30; 
and Z, mA -T,NXN AX=7T, Vm X=T7; 
62%. 445 whence we have XM = 1. 
16“; then S, MX: &, XM: : IX: 
Ym=381, and AI In = Am, 
laſtly Am: AM :: H 2 nA: &, 63". 
42', of which 3 15. 51'=the Directi- 
on required. 


CASE XXXIL 


A Piece whoſe gr. Ran. ori the Plane 

of the Horizon is 8000, Quere her Di- 
rection and greateſt horizontal Di- 
ſtance AY (Fg, 11.) from which that 
Piece can ſtrike an Object on the Top 
of the Perpendicular Y X = 2179. 


or. 
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gr. Ran; —=Y X=5821=AX, (Cor. 
3. Theo; 12.) and AX: XV: : N: 
YAX = 219. 5855 whence AXY = 
68*, 02', and 2 „AT-. 59 
=Y A J the Direction, (Cor. 2. Theo, 
12.) then R : S,YXA: AX: AN 
25398 che Diſtance ſought, 


CASE XXXIIL 


The perpendicular Height of an 
Object XY = 2179, and horizontal 
Diſtance AY =5398 being given, to. 
find the leaſt 44 that * can 
reach that Ob 1 


iNN V5 821 JA, (47. 


Bl. x Jan mg AXIFY o= AZ 


the Impetus equired. (Cor. 3. Theo. 1 2.) 


6.:4-$:E XXXIV, 


A Piece whoſe Impetus is Af, 6 , 
I9. ) = = 4000, Quere her Direction to 
P ſtrike 
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ſtrike an Object whole Diſtance is A 
25761 on a Plane whoſe Aſcent is 


YAX=6. 30. 


R: „IM:: AX: YX=652, and 
(Cor. 1 1. Theo. 12.) AX: 24 XI 
XV. 45-81, hen A = 
| AP =32196,and Af: AP :: R: S, 
AfP S5; zol, allo AFP—YAX 
Afd=f AZ, and go*-if AZ=65. 
305 Y Althe higher, and i f AZ= 
24. 30' the lower Elevation. (Ar. 3. 
Scholum 3.) 


CASE XXXV. 


A Piece whoſe Randon at 329. 28 
on a Plane whoſe Aſcent is Y AX, 
(Fig. 19.) = 69. zo“, is AX= 6520, 
Quere her Direction to ſtrike an Ob- 
jet whoſe horizontal Diſtanceis 00. | 


7, 32% 287, 60. 30 7, 1. 34 
=7, Am X, whence AXm= 145%. 
| 56, 


wd Dd a  @mn== Z 


hoy. oh 
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56', thenS, Am : „ AXm:: AX 
: Am= 7892, the horizontal Ampli- 
tude at 32*. 28; laſtly 7892: 6000: : 
Ss, 2 | 32%. 28 : H. 43*. 32, of which 
= 21%, 46 the Direction required. 


CASE XXXVI. 
A Piece whoſe Impetus is Af (Fg. 


19.) = 4000, Quere her Direction to 
{trike an Object on the Top of a Per- 0 
pendicular whoſe Height is Y X*=65 2, [ 
and whoſe Diſtance, in a ſtraight Line, | 
is AX=5761. | 


AX: XY :: R: F. VAX 6. 
30 AP, (Cor. 11. Theo. 12.) and 
AX: 24 f IA: TIA. 44-831, 
alſo Aar, then AF: AP:: . 
R: , AP, and Af P- AFP Ad 
AA; laſtly, 90. FAZ = 4. 
4 the Direction ſought, (Ar. 3. Scho- | 
um z.) | 4 


P 2 CASE 
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. 


A Piece whoſe horizontal Ampli- 
tude is AM (Fig. 19.)= 6859, ſtrikes 
an Object with the ſame Direction on 

the Top of a Perpendicular whoſe 
Height is Y X = 7 39, and whoſe Hori- 


zontal Diſtance is A Y = 6478 „Quere 


that Direction. 


Am AY =Y m=381, then, (Lem. 
1.)YX;Ym::YA:L=334 40, and 
(Tem. 2.) L: An:: R; 77 6. 02', the 
Direction ſou ght. 


CASE XXXVII. 


A Piece whoſe horizontal Ampli- 
tude is AM, (Fig, 19.) = 7892, ſtrikes 
an Object with the fame Direction, 
whoſe Diſtance is AX 6520, on 2 
Plane whoſe Aſcentis M AX 62. 30, 
Quere that Direkten. 


Since 


CASE XXXVIL_ 


wv" *X Am HH 


| 
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Since 6?, 3o'is one Angle of the Tri- 
angle AX M, 869, 45 =half the Sum 
of the other two, and AM + AX: AM 


AA: 7, 865. 45": 7, 59% 11'=half 


the Difference of the other two Angles, 
whence 86*. 45'—59%. 11'=27% 34 
AMA, and (per Theo. 13.) 


7, AMX Z. MAX = 7, 31%. 28", 
the Direction ſought. 


CASE XXX. 


The Impetus Af (Eg. 19.) 13068 
Feet, and the Height of the Object 
Y X=2217, together with the Weight 
of the Shot = 63 Pounds given, to Fad 
the abſolute Force at X. 


Af—-YX= KX=1085r =thelm- 
petus at &, (Theo. 10.) and 10.4 x 63 
x 1085168245 the Force required 
in Pounds, (Prop. 13.) TY 


CASE 


1 


110 Problem: 1 | 
"CASE" N. 


The Direction Y Az (Fg. 21 )= 64*, 

o2, and Angle Y Ax =. 30, toge- 
ther with «6 abſolute Force at the 
Point x =68245 given, to find the 
Force wherewith the Plane Ax, or the 
Surface of any Object at x, of a given 
Inclination, may be ſtruck by that Di- 
rection and Impetus. 


Make dx parallel to AM, and (Theo. 
14.) 7, I. A4: 27, 1 Ax = T, 4x9, 
and dx iA xd the Angle the Plane 
Ax makes with xz, the Tangent to the 
Point x, then (Theo. 2.) R: H Axt :: 
68245 : 63178 the Forcerequired. 
Note, If the Surface of an Object at 
x, were in any given Poſition, by find- 
ing dx i, the Angle that the Object 
wou'd be {truck at is found, and conſe- 


quently, by the laſt Analogy, the Force 
required. —5 
5 CASE 
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CASE XII. 


The Impetus A (Lig. 21.) = 4000, 
and Height of an Object Y x = 2000, 
whoſe Surface reclines directly from 
the Perpendicular 3 25, Quere the Di- 
rection and horizontal Diſtance where- 
at that Object may be ſtruck with the 
greateſt Force poſſible. 


Af=xY = 2000 fx the Impetus 
at x, (Theo. 10.) then R: H 2|32*: : 
2000: dx 1798, and becauſe the Sur- 
face of the Object reclines 3 2, the An- 
gle d x 1, which the Ordinate and 
Tangent to the Point æ make, muſt be 
32%, and (per Theo. 9.) fxd= 90 — 
2\d x „ therefore R: , 2 3252: 2000 
1123, then Af:Cf::R:S,fAC=169. 
18, and 45*+3f AC= 53. og' the 
Direction required: Laſtly R: S, AfC 
: Af: AC=3839, and AC+C'Y (= 
d) AY =5637 theDiſtanceſought. 

: CHAP. 


(112) 


— 8 ä * —_— 
” 


C H A Y III. 
Of Ranpons made on De- 
ſcending Planes, &c. 


» ————— 


— ä 


CASE NA. 
F* E greateſthorizontal Randon 


of a Piece being 8000 A 


* (Hg. 12.) Quere her greateſt 
Randon on a Plane whoſe Deſcent is 
YAAX= 1 3®. e 

R-, VAX: R:: 2 Af: AX= 

10322 the Randon ſought. (Cor. 8. 

Theo. 1 2.) 


CASE xm. 
The gr. Ran. on a Plane whoſe 


Deſcent is 13* being AX = 10322, 
"8 | Quere 


t 


* 
C 
ID 


| 
. 
) 


Cd * 


85 w 
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Quere her greateſt Randon on the 
Plane of the Horizon. 


R: R-, i3*:: AX: 2 Af = $000. 


the Randon ſought. 
CASE XIV. 
The greateſt Randon on a Plane 
whoſe Deſcent is 13* being 10322, 


Quere the gr. Ran. on a Plane whoſe 
Deſcent is 6. 300. 


Theo, 1 2.) 
CASE XIV. 
The gr. Ran. on a Plane whoſe De- 
ſcent is 135 being 10322, Quere the 


gr. Ran. on a Plane whoſe Aſcent is 
0 

R + 8, 6e. z30':R—S, 13*::10322 : 
7186: the Ran. required, (Cor. 5 and 8. 


Theo, 12.) 
Q CASE 


R-, 6*. 30': R-, 13*: 10322 
:9021 the Ran. ſought. (Cor. 5 and 8. 
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CASE EVE. 


A Piece whoſe gr. Ran. on the Plane 
of the Horizon is 8000, being planted 
at A, (Ia. 21.) whoſe Height above 
the Plane of the Horizon is A N= 
2322, Quere her gr. Ran. V from 
that Height, andthe Direction to reach 
It. | | 


8000 = AN = 10322. (C 
7. Theo. 12.) and (by 47. El. 1. 
VAXI—AN1=IN X = 100575 the 
Randon ſought, then AX: NX: 
R:S,NAX=76*. 58', and ;N Al 
= 38*. 29 the Direction ſought. (Cor, 
2, Theo. 11.) 


CASE XVII. 


A Piece whoſe Randon on the Plan 
of the Horizon at 64. 2 = M Ai 
(g. 21.) is A M= 6060, Quere he 
. — 5 Ran, 


N11 ky 


re 


. 


ol 
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Ran. with the ſame Elevation on a 


Plane whoſe Deſcent is MAX= 1 3?. 
T,MAt+T, AXR = 7, 66*,22 = 


7, RAM, (Cor. 1. Theo. 14.) & RXM 


—AXR=AXM = zo. 22', whence 
IAM = Iz, 38', and , AX M: 
„AMX :: AM: AX = 6919 the 
Randon ſought, 


CASE XLVII. 


A Piece whoſe Randon at 649. 02" 
=M At, (Fg. 21.) on a Plane whoſe 
Deſcentis MA X = 1 ze, being A X= 
6919, Quere her Ran. on the Plane of 
the Horizon at the ſame Elevation. 


7, MAt r T, MAX = 7, 66“. 22 
7, RX M, (Cor. 1. Theo. 14.) and 
RX H- AXR AX M= 5 3*. 22, 
whence AMX=113®. 38", then H, 
AM: H, AXM:: AX: AM=6060, 
the Randon ſought. 


Q 2 CASE 
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CASE XLIX. 


A Piecewhoſe Randon on the Plane 
of the Horizon at 40. is 7 580, Quere 
her Randon at 649. o, on a Plane 
whoſe Deſcent is MA X(Figt2 1.) =1 3, 


H, 2 | 40®: F, 2 [64% 02':: 7580: 6060 
A (Cor. 6. Theo. r0.) then 7; 649. 
o2 + 7, 13˙ = 7, 66. 11 47 
R and RAM-RXA=AXM 

3%. 22 , whence AMAX= 11 37. 38, 
[4 AXM : S,AMX:: AM: 
AX = 6919 the Randon ſought. 


CASE L 


A Piece whoſe ng at 385 300 
MAI, (Fg. 22.) on a Plane whoſe 
Deſcent is MA D = 13 being AD= 
1124, Quere her as on the ſame 
Plane at 109. 3 F 


7,MAI+T,MAD= 7. 450. 44), 
whence the Angles at D and M arc 


325 
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325. 44 and 134*.16, (Cor. 1. Theo. 
14.) then F, AMD: F, ADM: : 
1124: 849=AM, the horizontal Ran. 
at 385. 30“, and (per Cor. 6. Theo, 10.) 
F, 23805. 300: F, 20705 35 :: AM: 
Am=315, the Randon at 109. 35 
whence (per Cor. x. Theo. 14.) the An- 
ples at Jand m, are g*. 31 and 157%. 
295 and H, Adm:S, Am d:: Am: Ad 
730 the Ran. required. 


CASE LI. 


A Piece whoſe Ran. at 10%. 35 on a 
Plane whoſe Deſcent is 13* = M Ad 
(Eg. 22.)is Ad=730, Quere her Ran. 
at 415. 45 on a Plane whoſe Deſcent is 
M A x = 6*. 30. 

75 10%. 35+T,13%T,22% 31',whence 
the Angles at d and m are 9. 31'and 
157. 29', (Cor.1.Th.14.) then , Amd: 
H Ad m:: Ad: Am z 15, and ( per 
Cor. 6. Theo. 10.) $, 2105. 35 H. 2 
[412 4: Am: AM=866 =the ho- 
| | | rizontal 
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rizontal Randon at 41%. 45, then 7, 
41. 45 +7, % , 45% 11, 
whence the Angles at & and M are 
38*. 4x and 1345. 49, laſtly S, 3865. 
41: F, 1345. 49“ :: 866: 983 the 
Randon ſought. 1 


CASE in 


A Piece whoſe horizontal Ran. at 
38˙. 300 is AN (Hg. 21.) 849, being 
planted at A with the fame Elevation 

ſtrikes an Object at X whoſe horizon- 
tal Diſtanceis/ V X'=1095, Quere AN 


the perpendicular Height of che Piece, 


NX— AM = 246 = RN, then 
7, 38%. 30“: R: AM: 1067 =, 
(Lem. 2.) and L: VN:: RM: VA. 
2.524 fere, the Height required. 


CASE LDN. 


APieceplanted at A (Fg. 21.) whole 
perpendicular Height above the * 
0 
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of the Horizon is AN = 2521, and 
there elevated 30 30, ſtrikes an Ob- 
| je&atX, whole horizontal Diſtance is 

N X= 1095, Quere her Ran. on the 
Plane of the Horizon with the ſame 
Elevation. 


NMX: NA: : R: T, AX V=, 13e, 
| and 7, 1351 7, 38%. 30 75 45. 44 
7, AR MM, (Cor. 1. Theo. 14.) then &, 
AR N: F, RAN:: AN: RN = 246, 
and VX — RN=849=AM, the 
| Randon required. 


CASE Uv. 


A Piece whoſe Randon on the Plane 
of the Horizon at 38. 30 is AM= 
894, (Fig. 21.) being planted at 4 
whoſe Height above the Plane of the 
Horizon is A N= 2 52+, Quere how far 
ſhe will carry from that Height with 
that Direction. | 


R: 
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R: 5 38%. 30'::4 AM:CL=t75, 
(Cor. 2. Theo. g.) and CV+AN = LP = 
4291, then (Lem. 2.) T, 38%. 30: R:: 
AM: L = 10657, fere, and yL x V P 
= 677 PA, (Theo. 7.) laſtly; A M 
+PX= IN X= 1124 the Diſtance re- 
quired, | 


CASE LV. 


As Piece whoſe Impetus is 4000, be- 
ing plantedat A, (Lig. y.) whoſe Height 
above the Plane of the Horizon is AP 
= 624, Quere how far ſhe will carry 
with a horizontal Dire&ion from that 
Height. 

Thus 4. x 4000 = 16000 =L, (Cor, 
3. Theo. 7.) andy Lx AP = 3160 = 
P K the Diſtance ſought. 


CASE LVL 


A Piece whoſe gr. Ran. on the Plane 
of the Horizon is 8000, being planted 
at 
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at A, (Eig. 16.) whoſe. Height above 
the Plane of the Horizon is AN=188, 
and there depreſs'd below the Horizon 
7. 30, Quefe how far ſhe will carry 
from that Height with that Direction. 


4 gr. Ran. = 4000 = Af the Impe- 
tus, and (Theo. 8.) Rf= Af+ A N= 
| 4188, alſo, (by Cor. 1 2. Theo. 12. TAN 
= Af C= double the Depreſſion, then 


R: H, AfC:: Af: AC= 1036, and 


R:SfAC:: Af: fC=3864, alſo 
fC-AN=Pf,andvRfi—Pfi=PR, 


laſtly PR—AC=R Moor the Di- 


ſtance required. 


CASE LI. 
A Piece planted at A (Ig. 16.) whoſe 
Height above the Plane of the Horizon 
is AV = 188, and there depreſs'd )“. 
zol, lays her Shot at R, whoſe horizon- 
tal Diſtance is R N= 979+, Quere her 
Randon on thę Plane of the Horizon 
at au Elevation Of 38%. 30“ | 


R AMA 


10 
1 
60 
! 
164 
* 
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RN: AN:: R: T. ARN=" 109, 
58', and (Cor. 1. Theo. 140 T, AR N- 
7, 77. 307, 35. 335 whence DAN 
= 86. 27, then &, ANN. $, D AN:: 

AN: 2 N= 3049, and O N=R N= 
Am = 2078:; laſtly S, 275. 30':S, 2 
[38% 30': ** 27815 the Diſtance re- 
quired. 


CASE Lvl 


A Piece whoſe 580 74 is Af Hg. 
20.) 4000, Quere her Direction to 
ſtrike an Object whoſe Diſtance is AX 


=7450, on a Plane whoſe Deſcent is 
YAX=69. 30. 


R:SYAX::AX:XY=844 
and Af+ XY IX, (Cor. 2. Theo. 85 
then A: 5 : AY: X. 


1002, ang 2 2 AP = 3224, 
alſo Af: AF: t%. „API ze 42 


and 


Ne 123 
and A fR+Pfd=Afd= 609. 

laſtly go*— THEME 54 the bigb⸗ 
er, ng Af? . 23% 36 = the 
lower Elevation: (Cor. 12. Theo. 12.) 


Note, Ifche higher Direction had been 
Bandes than the Complement of the 
| Deſcent of the Plane, the lower wou'd 
have been a Depreſſion, which i is plain 
from the 2 Sure. 


CASE LIX. 


 APiece whoſe Randon at 63%. 16“, 
on à Plane whoſe Deſcent is MA X. 
(Þg. 21 Js, 30 is AX=7450, 
Quere her Direction to ſtrike an Ob- 
ject on the Plane of the Horizon whoſe 
Diſtance is 6000. 


T,63*.16'+T, 60. 30 27. 645. 35 
whence (Cor. 1. Theo. I 4.) AX M= 
649. 32 — 65. 30'=58*, 02", and AMX 
115.28 + 65 } AMX : SAN 
R 2 i AK 


| 
f 
49 

' 
1 
11 

ht 

je 
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:: AX: AM=7000, and 7000: 6000 


:, 20637 16“; $, 43. 32 half of 
hc is 21. 46 the Birection _ 
(Cor. 6. Theo. 10.) _ 


CASE LX 
A Piece whoſe Impetus is 4 6 (Fy | 


20.) 400, Quere her Direction to 
ſtrike an Object at A, whoſe horizon. 
tal Diſtance is AY = 7402, and whoſe 
Depth below the horizontal Line i 
Y X=844. 


AY: YX::R: TYAX= 7, 6. 
30 and $,Y AX: R:: :YX: XA= 
7450, then (Der Cor. 12. Theo. 1 2.) 


AX: 2AfFXY :: Poo XQ=1002, and 
r 
= AP = 3224, alſo A. 


AP: * $, AfP= 5 3*. 42, and A. 
+P fd=Afd, laſtly 90. ; A fd je 
54 the Direction required. | 


CASE 


ew. tr. Xo» © * . 
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CASE UN. 


A Piece whoſe horizontal Amplitude 
| is A (Tig. 21.) 7000, ſtrikes an Ob-— 
ject with the ſame Direction whoſe Di- 
ſtance is AX=7450, on a Plane whoſe 
Deſcent is M A X=69®. 30, Quere that 
Direction. 3 
Since 65. 30“ is the Angle included, 
$69. 45 is half the Sum of the other 
two, and AX TAM: AX - AM:: 
7,86. 45 : 7, 28. 43“, whence 86. 
45 — 28%. 43 58. : A M, and 
AXM+MAX=RXM=64.. z 5, 
then (Cor. 1. Theo. 1 4.) T, RX H- 7, 
RX A= T, 63*. 16“ the Direction 
ſought. 


„ 


A Piece planted at A (Lig. 21.) whoſe 
Height above the Plane of the Hori- 
20n 
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zonis AN=8 4, and elevated 20% 14 
ſtrikes an 9 at X whoſe horizon- 
tal — is NX =7402, Quere her 
PR on the Plane of the Horizon 
om that Height. 


Nx; NA: R 2. NXA=T, 6. 
39, and 7, N XA+T, 20*. 14 =T, 
46'=T, AR N; (Cor. 1. Theo. 14 
chen J, AR N: „ RAN: AN: RN 
=1748, and N X—R N= AM=5654, 
alſo &, 2 205 14':R::AM:8$8712= 
the gr. Ran. (Gor. 6 and 7, Theo, 10. 
and pr. Ran. +AN=9556= ＋ 5 
12.) the greateſt Ran. on the Plane 
AX, (Cer. 2. Th. 12.) and VAXi AN. 
= N X=951 8: the Rapdon ſopghr. 


CASE. LXIII. 


A Piece Pause at A, (Fig. 21.) whoſe 
Height above the plane of the Horizon 
is 4 N 844, and there elevated 205 
14 ſtrikes an Ob ect at X, whoſe hori- 

zontal 


ct 2_c P—_L=__ AD =, 4 s 


F en Lan > 


- e ̃é 2x ' —1˙1—ð& CCC —_—_— —— a 
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zontal Diſtance is M= 7 402, Quere ; 
her greateſt Ran. ona Plane whoſe De- 1 
ſoent is 130. ̃ 


NX: VA:: R: Z. VX A= 77 60. q 
zo, and 7, NAA 7, 20% 14 =7, 
AR M (Cu. 1. Th. x4.) then , ARN 
, RAM:: AN:RN= 1748, and 1 
NX—-RN=AM=5654, (per Hg.) | 
and $, 2 |20% 14': R :: AM: 8712 = 
gr. Ran, on the Plane of the Horizon; 

(Cor. 6 and . Th.10.) laſtly (Cor. 8. 7h. 
12.) R- F, 13: R:: 8712: 11240 
the Randon required. 


CASE LXIV. 


A Piece planted at A, (Tig. 21.) whoſe 
Height above thePlane of the Horizon 
is AIV = 844, and there elevated 20. 
14 ſtrikes an Object at X, whoſe hori- 
zontal Diſtance is VX = 7402, being 
planted on the Plane of the Horizon, 
Quere how far ſhe can ſtrike an Ob- 
ject 
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ject on the Top of a Perpendicular Y X 
(Hg. 11.) 886. mi 
NX:NA::R:T, NX A=T,6", 
30';and T, VX ATT, 20%. 14'=T, 
ARN (Cr. 1. Theo. 14.) T, 25% 46; 
then F, AR N: H RAM:: AN:RN 
21784, and VX—-R N= AM=5654, 
alſo ( per Cor. 6 and 7. Theo. 10.) H 2 
200% 14“: R.: AM: 8712 = gr. Ran. & 
gr. Ran. Y X=7826(Fg.11.)= AX, 
(Cor. 3. Th. 1 2.) laſtly AA YA 
=AY = 7775.7 the Diſtance required. 


CASE LXV. 


A Piece whoſe gr. Randon on the 
Plane of the Horizon is 8000, Quere 
her Direction and Diſtance, on a Plane 
whoſe Deſcent is 69. 300, to ſtrike an 
Object ar X, 6 21.) whoſe Surface 
reclines directly from the Perpendicu- 
lar 65. 41, with the greateſt Force 
poſſible. 


Since 


— = 


* CS IO. SS WO 
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Since the Surface of the Object re- 
clines 65. 41, the Angle VXT, made 


by che Tangent to the Point X and the | 
horizontal Line MX, muſt be 659. 41, 


becauſe the Stroke malt be per e 
lar; then, NX T- 27, AXN =T7, 
6 3 165 che Elevation ( Tbes. 14.) and 
7, 63 16 ＋7. AXN= 7 N KI 


7 64. 32 whence the Angles AXM 


and A MX are j 8 o2,andir5% 28 


then R: H 2636. 16' :: gr. Ran. AM 


6428, (Cor. 6. Theo. 10.) and &, 


22 „AM: AM : AX=684x 


the Diſtance ſought, 
CASE LXVI. 


The Impetus of a Piece being Af= 


YK (Hg. 12.) = 4000, andthe Weight 
of her Shot 63 Pounds, Quere the ab- 
ſolute Force at the point A, whole Di- 
ſtance is AX 6841, on a Plane whoſe 
Deſcent is YA .X =. 30. 


S R: 
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: K, VAX: : AX: XJ 74 
and X Y + KY = 4774 =the Impetus 
at the Point X (Cor. 3. Theo. 10.) in 
Yards, which gives 14322 Feet, and 
( per Prob. 1 3.) 10.4 x 63 X V14322= 
78410.8 theabſolute Force in Pounds 
required. 


CASE IXVII. 


The Abſolute Force at the Point X 
(Fig. 21.) = 78410.8 and Direction 
M At = 632. 16', together with the 
Deſcent of the Plane MA = 69. zo 
being given, Quere the Force where- 
with the Plane AX, or the Surface of 
any Object of a given Inclination may 
be {truck at the Point X, by the ſame 
Direction and Impetus. 


Z, Mat 27, MAX =, 659. 41'= 
Zy MXT (Theo. 14.) and NX TH AX 
= AXL[ = 59*. 11 = the Angle the 
Plane A X makes with XT, the Tan- 


gent 


bas am u 98 


— 


. 


141 —— — _ — 
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gent to the Point X; then N: H, 59“. 
110: 7840. 8: 67 340. d the Force re- 
quired. | | 
Note, If the Surface of the Object 
to be {truck were in any other given 


Poſition, by finding the Angle NX T, 
the Angle that it wou'd be ſtruck at is 


found, and by the laſt Analogy the 


Force required. 


CASE LXVVIII. 


The greateſt Impetus of a Piece be- 
ing 4000, and the Requiſite of Powder, 
for that Impetus, 27 Pounds, Quere 
the leaſt Impetus and Requiſite of Pow- 
der whereby that Piece can ſtrike an 
Object at X, (Hg. 20.) whoſe Diſtance 
54 X= 900, on a Plane whoſe De- 


(cent is MA X= 1 3®. 


R:S,Y AX:: AX: XY=202, and 
AX—XY 


. the leaſt Impetus 


8 2 required; 
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required; (Cor. 7. Theo. 12.) then 
ts 15 


v 4000 : 349 :: 27: 8 nearly, the 
Charge required. (Prob. 11.) 


CASE IXIX. 


A Piece whoſe Impetus with 27 
Pounds of Powder is 4000, being plant- 
ed at A (Fig. 21.) whoſe Height above 
the Plane of the Horizon is AN = 202, 
Quere her Direction and leaſt Charge 
ot Powder that can reach an Object at 
X, whoſe horizontal Diſtance is M 


877. 


: NX: : R: 7, NAX 7,775 
half of which is 389. 30' the Elevation 
required, (Cor. 2. Th. 12.) and , NAXfl 

AX—AN 
R:: NX: An = 900, allo - TERS 


= 349 the leaſt Impetus ; (Cor. 7. Theo, 
OL, 


th 
12.) then y4ooo: V349 :: 27:8 the 
Charge required, 


CASE 
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CASE LXX, 


A Piece whoſe 3 with 27 
Pounds of Powder is 4000, Quere her 
leaſt Impetus and Requiſite of Powder 
to ſtrike an Object at A, (Ig. 19.) 
whoſe Diſtance is AX= 1600, on 2 
Plane whoſe Aſcent i is Y AX= 65 SM - 


Wh 4 SY AX: AX: 'XY=182, 
and AX+XY_ 891 =theleaſt Im- 


2 
petus Ex. 3. Theo. 12.) then ,,4000 : 


78 91: 27 122 the Charge required. 
CASE LXꝝXI. 


A Piece e e with 27 
Pounds of Powder is 4000, Quere her 
Direction and leaſt Charge of Powder 
that can ſtrike an Object at A, (Fre. 
19.) whoſe Height above the Plane 5 | 

the 
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the Horizon is X= 182, and whoſe 

horizontal Diſtance is AY =1 5 go. 
AY : XY:: R:T,NAX=T, 6. 

30“, and 45* + VAX = 48. 15 the 

Direction; (Cor. 2. Theo, 12.) then , 

YAX;R::YX: AX = 1600, and 


e — 89 1 = the leaſt Impetus, 


(Cor. 3. Theo. 12.) alſo y 4000 : /891:: 
th th 


27 : 124 the Charge required. 


SCHOLIUM VIV. 


I Theſe Rules for finding the Directi- 
on and adjuſtin che Requiſites of Gun- 
Powder to ſtrike an Object with the 
leaſt Impetus poſſible, are very uſeful 
for ſaving Ammunition, eſpecially in 
throwing of Bums, which are not ſo 
often defign'd to do Damage by their 
projectile Force as by the breaking of 
their Shells, ſetting Houſes on Fire, 
and the like; but becauſe theſe Effects 


arc 


W ,- © ee ed. er, iu 23 ov ,-* ad. duds nnd bond ie oo. 
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are often prevented by not proporti- 
oning the Fuſe to the Time of the 
Flight, it will be proper to give ſome 
Rules for computing thoſe Times. 
Now, (by Cor. 2. Theo. 7.) the Time of 
the Flight of any Projection made on 
the Plane of the Horizon, is double the 
Time of the Fall of a heavy Body from 
the Height of that Projection; and the 
Times of the Falls from different 
Heights, being (by Cor. 2. Theo. 5.) in 
the 7 bda licate Ratio of thoſeHeights, 
and alſo = Fall in one Second of Time, 
being, in round Numbers, 16 Feet, if 
h= the Height of any Projection made 
on the Plane of the Horizon, it will be 


516: 1“: vb: = equal the Time of 


the Fall from the Height of the Projec- 


tion, and S the Time of the Flight 
of the Shot. 


CASE 
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* 
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The greateſt Randon of a Piece be- 
ing AM, (Fig. 13.) = 25600 Feet, 
Quere the Time of the Flight of her 
— 


+4 M= 6400 v the Height of 
the Projection; becauſe FUr = 
+ AF, (Cor. x and 2. Theo. 9.) and (per 
Kcholum 4.) 1 / 6400 = 40“ the Time 
required in ſecond Minutes, 


Noze, If the Time of the Flight at 
any Elevation be counted by Vibrati- 
ons of a Pendulum of any convenient 
Length, the Time of the Flight at any 
other Elevation is had. (Theo. 11.) 


CASE LXXIL 


The Time of the Flight of a Shot 
made at 45%, on the Plane of the Ho- 
rizon being 40 Vibrations, Quere the 
Time at 7. 13. 


H 437 


br 


* 
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$,45* 8, 7%. 130 f; 407 che Ys 
brations required. © | 1 85 


CASE XXIV. 


A Plick whoſe Kalas at 525. 30“ is . 
AM= 43 56, (Hg. 19.) the Time of 11 
the Flight of her Shot being 24 Vibra- "7 (i 
tions, Quere the Time of its Flight to 1 
X, whoſe horizontal Diſtance i iS AY = 


* ** , 1 
' ”» = — —— wo — 


3446. ä 4. 
Am: AY:: 24: 59.98 Time re- | i 
quired, _ | 1 
CASE LXXV: -- - 11 


A Piece whoſe horizontal Randon 
at 5 2. 3o'is Am (Hg. 16.)=4356, 

the Time of the Flight of her Shot be- 
ing 24 Vibrations, bein g planted at A, 1 
above the Plane of the Horizon, with | q 
the ſame Direction placeth her Shot at 17 


9, whoſe horizontal Diſtance from 
* the 


- 
"WW. db. 7 ang wr 4. « 
— 
* ey % << 0 — —— — — — 


138 Problems of 
the Perpendicular AN is N= ANN 
= 5808, Quere the Time of the Flight 


to ©, 


Am: AM:: 24: 32 the Time re- 
quired. (Cor. 3. Theo. 6.) 


CASE LIXXVI. 


A Piece whoſe horizontal Randon 
at 52%. 30'=m AL, is Am (Hg. 16.) = 
4356, the Time of the Flight of her 
Shot being 24 Vibrations; the ſame 
Piece being irs Me at A, (Fig. 5 J with 
a horizontal Direction A 7 . & A her 
Shot at K, below the horizontal Line, 
whoſe horizontal Diſtance is P K = Al 
= 4198, Quere the Time of the Flight 
from A to O. 


2 m Al (Fg. jun oy F 

. 30, then $, 37. R:: 

1 6, 55 4. Ther.) 

AL (he. 16 416 24:14 
the Time required. 

CASE 
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CASE LXXVI. 


A Piece whoſe horizontal Randon 
at 7. 13, is 1086, the Time of the 
Flight of her Shot being 4 Vibrations; 
the ſame Piece being plantedat A, (Hg. 
16.) above the Plane of the Horizon, 
and there depreſs d 7. 1 3 placeth her 
Shot at R, whoſe horizontal Diſtance 
from the Perpendicular is R N= 814, 
Quere the Time of the Flight of her 
Shot from Ato R.. 


1086: 814 :: 4 3 the Time re- 
quired, | 


1 PART 


PART Tr 


The Deſcription and Uſe of a new Ma- 


 thematical Infirument. 


AV ING in the oregoing Wager 
given the Demonſtration and Solu- 


tion, by Calculation, of all the Caſes, 


1 think rege: in the Prajectile Part of 
Gunnery, 1 ſhall now proceed to give the 

Deſcription and Dſe of an Infirament, 
which, by placing its Parts in certain Po. 
tions. will ſolve am Problem before men- 
toned by Inſpection only; as alſo, with a 
ſmall Addition, meaſure the Height, or Di- 
tance of an Object on any Plane acceſſible, 
or inacceſſible, together with the Aſtents, 
or Deſcents of thoſe Planes. 

Tho In 3 Solutions are not /0 
exact as 5 done by Calculation, if 
this Inſtrument is accurately made, the 
Eaſe and Expedition of it will more than 
recompence a ſinall Fraction of an Error, 
eſpecially to the Practical Ingeneer, who, 
in the Heat of Action, may Hen have Oc 
caſion for new Directious, and ſeveral o- 
ther T hings which he hart not * to find 
by Calculation. 

Let 
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Let a Braſs Semicircle (Fg. 26.) of 


about nine Inches Radius, have its in- 


ner Edge, or Limb, divided into 90 e- 
qual Parts, beginning at N and count- 
ing upwards ro, 20, 30, &c. to 9o, at 
Z, and each of thoſe Diviſions ſubdi- 
vided into 6 equal Parts. Let the out- 
er Limb be divided into Degrees and 
6th.Parts ofa Degree, markiag the De- 
rees from the Middle of the Limb 
th Ways 10, 20, zo, &c. to go at 
Nand Z. Let alſo the middle Space, 
between the outer and inner Limbs, be 


mark d from Z to N, 10, 20, 30, 40, 


Let this Semicircle be fixt to the 
Middle of a Box Ruler B D, about 3 
Foot long, an Inch and half broad, and 
of a convenient Thickneſs. The in- 
ner Half of the Breadth of this Ruler 
muſt be level with the Surface of the 
Semicircle , but the outer Half muſt be 


higher about # of an Inch, On the 


Outer 
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outer Half there muſt be fixt a thin 
+ Braſs Scale of an equal Length and 
- Breadth with theBoxRuter,theBreadth 
= of which Scale is to be divided, by Lines 
| drawn from End to End, into three e- 
| qual Parts, andthe Length into Inches, 
half Inches, and 1oth. of an Inch; the 
| Inches are to be drawn directly croſs the 
whole Breadth, and mark d 1. 2. 3. 4. 
Sc. both Ways to Band D; the half 
Inches are to be drawn croſs the middle 
and innermoſt Third, and the xoths.. 
only croſs the inner Third. Let there 
be on one End of this Scale an Inch, and 
on the other End half an Inch, each 
divided very exactly into ten equal 
Parts Diagonal Ways, that the Tenths 
and Dae ae, may happen in the 
Operations, on the Square and Indices 
hereafter to be deſcrib d, may be exact- 
ly meaſur'd on them by a Pair of Com- 
paſſes. The Reaſon for raiſing the 
outer Half of the Box Ruler, above the 
inner Half, two Tenths of an Inch, as 
before 
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before mentioned, is to make room for 
the Indices Ab and Ad, which are to 
be fixt to the Center of the Semicircle, 
and there to open and ſhut, as Occaſion 
requires, like the Legs of a Sector. 
Thoſe Indices are to be about 26 Inches 
long, 4 of an Inch broad, and abont -; 
thick; their Breadth is to bedivided in- 
to three equal Parts, and their Length 
into Inches, half Inches and Tenths, 
as the Braſs Scale before mention'd :the 
Inches are to be mark'd from the Cen- 
ter A, 1. 2. 3. 4. &c. to hand d, and the 
Tenths drawn croſs the inner Third. 
Each of thoſe Indices muſt have a ſmall 
Screw Nut with a Pin, or Bit of Wire 
upon it, which Pin may, by the Screw 
Yar be fixt exactly to any Diviſion on 
them in order to ſuſpend the Label, or 
Ruler TY, which has a thin Piece of 
Braſs with a ſmall Hole in it, exactly 
fitting the foreſaid Pin, and is to be 
fixt alſo to any Diviſion of the Ruler 
as Occaſion requires. Let this Label, 

or 
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or Ruler, be about two Foot long, and 
of the ſame Breadth and Thickneſs 
with the Indices Ah and A d, and divi- 
ded after the ſame Manner as they are, 
only the Tenths are to be drawn croſs 
the inner Edge as well as croſs the in- 
ner Third of the Breadth, and the 
Inches are to be mark'd 1. 2. 3. 4. &c. 
from C to 7, and Y, making CT eigh- 
teen Inches, and CY fix. Ihe like Di- 
viſions are to be made on the Side of 
the Square XX, beginning at the in- 
ner Edge of the Braſs Ruler at &, mark- 
ing the full Inches on the upper Side x. 
2. 3. 4. &c. to 24, the Tenths are to 
be drawn croſs the upper Third and 
the upper Edge. Let this Inſtrument be 
fixt upon Feet with a Ball and Socket 
like thoſe of a common ſurveying In- 
ſtrument, but ſtronger in order to = 
it very firm; and let there be Sights 
which may, as Occaſion require, be 
fixt on the Diameter, Indices and Ruler 
TY, of the ſame Kind with thoſe of the 
Surveying 
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Surv in 5 Inſtrument before mention- 
ed, ale are too well known to want a 
farther Deſcription: q 
More, the Ball and Socket muſt riot 
be fixt exactly under the Center of the 
Semicircle ; but ſome Diſtance from it, 
on the Croſs-Bar which goes from the 
Center to the Middle of the Limb, as 
well to ſupport the Head of the Inſtru- 
ment more eaſily, by being nearer its 
Center of Gravity, as to make toom for 
an Air-level made with a Glaſs Tube 
and Spirits of Wine, which muſt be fixt 


exactly under the Diameter, or Ruler 


AB, ſo that when the Semicircle is 
turn'd vertically the Diameter may be 
fxt in a horizontal Poſition. 

Ihe Inſtrument being thus prepar'd 
let there be a Chain of 100 Links mark- 
ed with double Rings at each 10 Links, 
in order to have > 4 Fractions which 
may happen in meaſcring any Diſtance 
in Tenths and Centeſms, agreeing with 


the 


* = 
- < + — — 
TJ 
- 4 . „ 


—— 2 — 8 


Ls — ˙ I Sn oo ——— — W 


4 


146 The Deſcription of 

the Diagonal Scale before mentioned: 
this Chain may be of any convenient 
Length, but becauſe moſt of the new 
Engliſh Pieces of Ordnance have their 
greateſt horizontal Randons known, 
or engraven on them in Paces, or Yards, 
in my Oppinion, 100 Foot will be a 
convenient Length, for if every Chain 
be reckon'd ten Integers if the gr. Ran. 
of any Piece is multiply'd by 3, and one 
Figure cut off for a Decimal, you will 
have that Randon in Tenths of your 
Chain, or in Integers, each of which is 

ten Foot. 


E. g. The gr. Ran. of a Cannon 
Royal is, commonly, computed to be 
8000 Yards, this multiply'd by 3 and 
a Cypher cut off; gives 2400 now two 
Foot, or 24 Inches on the Index of 
your Inſtrument, being taken for this 
2400, of an Inch, which is very 
diſtinguiſhable on the Diagonal Scale, 
is 10 Foot on the Ground, or an Inte- 


ger 
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ger of the foreſaid 2400. The Inge- 
nious Practitioner may find out ſome 
uſeful Alterations in both the Length 
and Diviſion of the Parts of the Inſtru- 
ment and Chain; to ſuch I leave the 
farther Conſideration of it; and ſhall 
next proceed to 1 


THE 


UsE e the INSTRUMENT 
in LONGIMETRY, or mea- 
ſuring HEI6HTS and Dis- 
TANCES. 


EXAMPLE I. 
Hi T it be required tofind the Di- 


ſtance from the Houſe at A, to 

the Caſtle, (Lig. 24.) or to any 

Part thereof as the Weathercock on 
the Top of the Spire at C. 


Having ſet up your Inſtrument at A, 
turn it about till through the Sights on 
U 2 the 
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the Diameter you ſpy a Mark ſet up at 
B, in any convenient Place of the Field 
about you, and having fix d the Diame- 
ter in that Poſition, turn the moving 
Index till through the narrow Slit of a 
ſmall Sight fix'd upon the Center you 
ſee the Hair in the other Sight cut 
the Spire at C, then fixing the Index in 
that Poſition to the Limb of the Semi- 
circle, meaſure with your Chain in a 
ſtraight Line from Ato B; and having 
mark'd the Chains and Links of that 
Diſtance on the Diameter, and plac'd 
the Ruler with the Sights on it exactly 
to that Diſtance by means of the ſmall 
Pin and Hole mention'd before, ſet up 
your Inſtrument juſt at the End of the 
Diſtance you meaſur'd, (which, if you 
pleaſe, you may take all in full Chains, 
if the Ground will allow it, for you need 
not care whether you are ſhort of the 
Mark B, or over it, provided you keep 
in the ſame ſtraight Line) and turn it 
about till through theSights on theDi- 
| ameter 


— — @ =vy 
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ameter you ſpy a Mark ſet up at your 
firſt Station A, and having fixd it in 
that Poſition , turn the Ruler on the 
Pin, which is fix d at the former Di- 
ſtance on the Diameter, till through 
the Sights on it you ſpy the Weather- 
cock at C, then will the Part of the In- 
dex ac, cut by the inner Edge of the 


Ruler, give the Diſtance AC from the 


Houſe to the Spire at C, which was to 
be found ; and if there is Occaſion the 
Diſtance from the Mark at B, to the 
Spire will be found on the Ruler at the 
Interſection of the Index; all which is 
plain from the Similarity of the Tri- 
angles ABC, and a, Pin, c, or that 
form'd by the Diameter, Index and Ru- 
ler, and Cor. 1, 4. El. 6. 


Note, If the Diſtance from A, to two, 
three, four, &c. Objects, had been re- 
quired, if when the Diameter was firſt 

d in the Poſition AB, the Index had 
been turn'd to each of thoſe Objects 
and 


11 
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and the Degrees cut by the Index on 
the Limb at the Direction to each re- 
ſpective Object noted down in a little 
Field Book, 'Thus, 


Degrees, Diſtances. Ob, ects. 
34 Wind Miln. 
10 Tree. 

3 EE Buſt on the Wall. 


403 [Weathercock. 


— 


Then the Diſtance AB being mea- 
ſur, and the Inſtrument fix'd at B, as 
before directed, if the Index is plac'd 
ſucceſſively to the Degrees noted down 
in the Field Book, the Ruler directed 
to each reſpective Object will cut upon 
the Index the Diſtance of that Object 
from the Houle at A, which may be ſet 
down for farther Uſe, in the Diſtance 
Column of the Field Book; and if there 
is Occaſion for the Diſtance from B, 

to 
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to each Object, or for the Diſtances of 


thoſe from each other, they may be ea- 


ſily found; for when you direct the Ru- 


ler to any Object the Index being at the 
Degrees, or Angle belonging to that 


Object, will cut the Diſtance from it to 


B, on the Ruler, and if one of the In- 
dices be fix d to the Degrees belonging 
to one Object, and the other Index to 
thoſe belonging to another Object, the 
Diſtance between the two Points on 
thoſe Indices which repreſent the Di- 
ſtances of the reſpective Objects from 
A, will give the Diſtance of thoſe Ob- 
jets from each other, which may be 
either taken in a Pair of Compaſſes and 
apply'd to a Scale, or found by apply- 
ing the Beginning of the Diviſions on 
the Ruler to one of thoſe Points, and 
the other Point will cut the Diſtance 
between the Objects upon it; but from 
the Angles and firſt Diſtances found in 
the Field, the reſt may be found by the 


In 
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Inſtrument at any Time or Place you 
have Occaſion for them. | 


II. 


Let it be required to find the Per- 
pendicular Height Y X (Hg. 25.) of 
the Top of the Wind-Miln above the 
horizontal Line HO, as alſo the hori- 
zontal Diſtance AY; of that Perpen- 
dicular. | 

Find the Diſtance AX, by the laſt 
Caſe, and having plac'd the Semicircle 
vertically in the Plane AV, and with 
its Diameter in the horizontal Line 
HO, (which laſt may be done by a Line 
and Plummet, or by the Air-level be- 
fore mentioned) move the Square along 
the Diameter until it cuts the firſt found 
Diſtance on the Index, then vill the 
Index cut the Height required on the 
Square, and the Square the Horizontal 
Diſtance on the Diameter, which was to 


be found. N, ore, 
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Note, If there is any Occaſion for the '} 
Angle of Aſcent Y AX, the Index cuts 'Y 
it on the outer Limb; and if the Height | 
of the Wind-Miln from the Fonndati- = 
on is required, let the Semicircle con- 8-1 
tinue in the ſame Poſition, and move 8 
the Index till through its Sights you ſpy [9 
the Foundation at f, and the Difference 3 | 
of what it now cuts on the Square and ö 
what it cut before is the Height requi- 
red. It may not be improper to re- 
mark here, that this Part of the Propo- 
fition relating to the Height of the 
Wind-Miln wou'd require that the Di- 
ſtance from it to the Inſtrument ſhou'd 
be but ſmall, that it may be plainly ex- 
preſsd on the Index in Feet, which will, 
at leaſt, require that every Chain of the 
Diſtance AA, be an Inch on the Index; 
now, the Index being but 26 Inches 
long, it's plain the Diſtance AA, ought 
not to exceed 26 Chains, or 2600 Feet. 


1 
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N 


Ho to meaſure the Depth SH, of 
the Ship (Lig. 2 5.) at the Surface of the 
Water below the horizontal Level of 


the Inſtrument at B. 


This Propoſition is gunmen after 
the ſame Manner the laſt was, only that 
it will be moſt convenient to turn the 
Limb of the Semicircle downwards as 1 j; 
it appears in the Figure at B. 0 


Theſe three Examples contain al 
that the practical Ingeneer has Occaſ- iſ *£ 
on to know relating to the Menſuration 
of Heights and Diſtances, whether they þ, 
are acceſſible, or inacceſſible; for in ei- of 
ther Caſe there is nothing more requi- =* 
red but that he may ſee the Object from i 
two convenient Stations ſufficiently di- 4# 
ſtant from each other, on any Plane] 


whether aſcending, deſcending, or ho- of 


rizontal, ff 


THE 
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N what follows I will not trouble the 
Reader 265 polo, he or References 
to former Propoſitions, becauſe the Thing 
is ſo plain an . and /0 a felt fol- 
lows from what is 'faid before, that none 
who tolerably underſtands that, can be at 
alsſs for the Reaſons of this. 

And the principal Propoſitions a practi- 
cal Ingeneer has Occaſion for, being, from 
any two of the Impetus, Diſtante, and Di- 
rection given, how to find the Third; 1 
falls ide Examples iu all the 72 able Caſes 
a coef eſe, which will ſufficiently ſhew the 

aſe and Expedition of this Inſtrument , 
and lead the apt Profiiciencs to the Uſe of 
it in other Propoſitions when Occaſion re- 
quires. 

Note, Whenever the moving, or placing, 
of the Square is mentioned, it is ſuppos'd 
to ſlide along the Diameter, or Ruler, ſtill 
keeping K * at Right- Angles, or Perpen- 
aicular to BD. 


X 2 PROP. 


1 * 
* 
* 
. . * 
* 
. 
* 
1 
j = 
. 
1 
1 
| 
: 


. 
7 2 | mt —_— 


: 
* 
” 


156 The he of the Inſtrument 


PROP. I. 
The greateſt horizontal Randon of 


a Piece being 2400, Quere her Direc- 
tion to ſtrike an Object whoſe horizon- 
tal Diſtance is 1584. 


Place the Diſtance on the Square to 
the gr. Ran. on the Index, and the lat- 
ter will cut 693 Degrees on the inner 
Limb of the Semicircle, which is the 
Direction required. 


PROP. II. 


A Piece whoſe gr. Ran. on the Plane P 
of the Horizon is 2400, Quere her ¶ te 


Randon at 693 Degrees. 0 
Fix the Index to the Direction on the - 
inner Limb, and the greateſt Randon 
on it will cut 1584, on the Square the 
Randon ſought. 
C 


PROP. 
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P R O P. III. 


A Piece whoſe horizontal Randon 
at 691 Degrees is 1584, Quere her 
greateſt horizontal Randon. | 


Fix the Index tothe Dire&ion on the 
inner Limb, and the given Randon on 
| the Square will cut on the Index 2400 
the gr, Ran. required. 


Theſe are the principal Propoſitions 
relating to Projections made on the 
Plane of the Horizon: But if the 
Height and Sublimity of the Projecti- 
on were required, the Square in the laſt 
Poſition wil cut 1803 on the Diame- 
ter, one fourth the Sum and Difference 
of which, and the greateſt Randon is 
1051, and 149, the Height and Subli- 
mity required. 


P R OPP. IV. 


The Impetus of a Piece being 1 200, 
Quere her Direction to ſtrike an Ob- 
ject 
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158 The Uſe of the Inſtrument 
ject whoſe Diſtance is 1728, ona Plane 
whoſe Aſcent is 6: Degrees. 


Fix the lower Index A 4, (Fg. 16.) 


to the Aſeent of the Plane on the outer 
Limb of the Semicircle, then movethe 
Square to the Diſtance of the Object 


upon it, and mark the Diſtance AK cut 


on the Diameter by the Square; then 
having ſuſpended the Ruler at 7, by 
means of the ſmall Pin and Hole before 
deſcribed, making Af and f Y each 
equal to the given Impetus, move the 
Ruler f Y, exactly along the given Di- 
ſtance of the Object upon the Index at 
A, until XY is equal to AK, then 
will the Index Ab, cut 654 Degrees, on 
the inner Limb of the Semicircle the 
Direction required. 


NOB. 


A Piece whoſe Impetus iS 1200, 
Quere her Randon at 65 Degrees, on 
a Plane whoſe Aſcent is 6: Degrees. 

Fix 
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Fix the lower Index to the Aſcent of 

the Plane on the outer Limb, and the 
other to the Direction on the inner 

| Limb, making Af, and FI, (Lg. 26.) 
each equal to the given Impetus, | 


* * 
| — — — * 
8969 — 1 


Laſily, Move the Square and Ruler 
(keeping their Interſection exactly to 
the inner Edge of the Index Ad) until 
AK, and A are exactly equal, then 
will A = 1728 the Randon required. 


P R OP. VI. 


A Piece whoſe Randon at 65; De- 
grees is 1728, on a Plane whoſe Aſcent 
is 6; Degrees, Quere the Impetus of | 
that Piece. 1 


ud - LD * ——ͤ— — — - * 
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Fix the lower Index as per laſt Caſe, 
and the Ruler to the given Diſtance at | 1} 
A, by means of the Pin and Hole, ma- 10 
king X Y equal to AK; laſtly turn the #1 
Ruler on the Center &, and the Index . 
Ab, on the Center A, until Afand f Y | 

5 | are | / 
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are equal, and each of them will be 
1200 the Impetus required. 


P R O P. VI. 


A Piece whoſe greateſt Randon on 
the Plane of the Horizon is 2400, 
Quere her greateſt Randon on a Plane 


whoſe Aſcent is 6; Degrees. 


Fix the lower Index to the Elevation 
of the Plane, and move the Square a- 
long the Diameter until AX A be 
equal the greateſt Randon given, then 
will AA be 2156 the gr. Ran, ſought. 


Or thus, 


Place the Square to 1000, on the 
Index, and it will cut x x 3 on the Dia- 
meter, then place 1000+1 on the In- 
dex to 1000 on the Square, and having 
fix d the Index, move the Square to 
2400, the given Randon on the Index, 
and it will cut 2156 on the Square the 
greateſt Randon ſought. PROP. 


4 N ' 7 5 ＋ * 2 3 
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n ase. 
A Piece whoſe greateſt horizontal 
Randon is 2400, Quere the greateſt 
horizontal Diſtance from which that. 
Piece can ſtrike an Object on the Top 
of a Perpendicular whoſe Height is 
400; | N Q 
Place the Square to 400, on the Dia- 
meter; and 2000 on the Index (the 
Complement of the Height to the gi- 
ren gr. Ran.) will cut 1685 g the 
Square which is the horizontalDiſtance 
required. 51 


PROP. N. 


A Piece whoſe gr. Ran. on the Plane 
of the Horizon is 2400, Quere the 
greateſt Height which that Piece can 
reach on a Perpendicular whoſe hori- 
zontal Diſtance is 168 5. 


Y Keep 


— 
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we; Edge of the Index to the 
given hotizontal Diſtance on the 
Square, and move the Latter until the 
Sum of the Numbers cut on the Dia- 
meter and Index be equal to 2 400 the 
given gr. Ran. and thoſe on the Dia- 
meter will be 400 the Height required. 


P R OP. X. 
A Piece whoſe Impetus is 1200, 
640 lee .- 1 IP * 
Quere, her Pirection to ſtrike an Ob- 
Ject wholeDiſtanceis22 3 5, on a Plane 
whol@Deſcent.is 6; Degrees, 


Fix the lower Index to the Deſcent 
of the Plane, and the Ruler to the gi- 
ven Diſtance upon it at &, (Hg. 27.) 
making CX AK on the Diameter; 
laſtly, make Af, and f C, each equal to 
the given Impetus, and the Index 46, 


will cut on the inner Limb 59? Degrees 
the Direction ſought 
PROP. 


tha 
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A Piece whole. Impetus is 1200, 
Quere her Randon at 592 Degrees, on 


Plane whoſe Deſcent is 6: Degrees. 
Fix the lower Index to the Deſcent 
of the Plane, and the upper Index to 
the Direction orithe lane Limb of the 
Semicircle; and having fafpend the Ru- 
ler at /, making Af, and fC, each equal 


to the Impetus, move tlie e and 


Ruler, (keeping their Interſection ex- 
actly to the inner Edge of the lower In- 
dex) tintil AR, and C M are equal, then 
vill AA be 2235 the Randon ſought. 


5 1 0 1 8 
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A Piece whoſe Randon at 594 De- 
grees is 2235, on a Plane whoſe Deſcent 
Is 6: Degrees, Quere the Impetus of 
that Piece, l 
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Fix the Indexes as per laſt Ca/e, and 
the Ruler tothe given Diſtance on the 
lower Index making C X equal to AK, 
on the Diameter ; laſtly, turn the Ru- 
ler and upper Index until Af, and fC 
are equal, and each of them vill be 
I 200 the Impetus required, 


PRO P. XIII. 
A Piece whoſe Impetus is 1200, 
Quere her gr. Ran. on a Plane who: 
Deſcent is 63 Degrees, | 1 


Fix the lower Index to the Deſcent 
of the Plane on the outer. Limb, and 
the Square mov d to 1000 upon it wil 
cut 113, on the Diameter, the place 
1000-113 (=887) on the Square to 
1000, on the Index, and having fix'd 
the Latter, move the Square until the 
Index cuts 1 200, the given Impetus up- 
on it, then will the Square cut 1353, 
on the Index double, which is 2706 

thegr. Ran. required, — 
| 8 I PROP, 


— 


A Piece whoſe greateſt horizontal 
Randon is 2400, being planted upon 
an Eminence whoſe perpendicular 
Height above the Plane of the Horizon 
is 306, Quere her gr. Ran. from that 
Height, | 


Fix the Square to the given Height 
on the Diameter, and 2706 (the Sum 
of the given Height and gr. Ran,) on 
the Index will cut on the Square 2686 
the Randon required, | 


Note, The Sum of the given Num- 
bers, and the Number ſought are each 
too great to have the firſt two Figures 
in Tenths of an Inch anthe Inſtrument 
they may therefore be taken in Tenths 
of a half Inch ; or if the Halves of the 
given Numbers are taken on Inches as 
before, half the Number ſought will 
be got on the Index. 

£ PROP, 
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The horizontal Diſtance and Height 
or Depth of an Object, either above or 
below the horizontal Level of the 
Piece, being given to find the leaſt Im- 
petus that poſſibly can reach that Ob- 
ject. 211 


Fix the Square to the given Height 
or Depth on the Diameter, and move 
the Index to the horizontal Diſtance 
on the Square; then will half the Sum of 
the given Height and Diſtance cut on 
theIndexin Aſcents, and halftheir Dif- 


ference in Deſcents, bethe Impetus re- 
quir'd. 1 


SCHOLIUM 


Itis plainly demonſtrated, by The. 
I 2. that the Direction to reach an Ob- 
ject with the leaſt Force e 

| 5 
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in Practical Gunnery. 167 
the Angle between the Object and Ze- 
nith, and, by the 2d. and > th. Corollaries 
to that Theorem, that Force is ſuch as 
wou d carry the Shot on the Plane of 
the Horizon, at an Elevation of 45 
Degrees, a Diſtance equal to half the 
Sum of the perpendicular Height and 
Diſtance of the Object in Aſcents; and 
half the Difference of the perpendicu- 
lar Depth and Diſtance in Deſcents; 
all which are found with the greateſt 
Eaſe imaginable by the Examples of 
the Uſe of the Inſtrument in Longime- 
75 ow having that Direction and 
Force, together with the Force or Im- 
petus of his Piece with any given 
Charge, which is found by the ch. or 
12th. Prop. foregoing Propoſitions, the 
Engineer has nothing to do with Re- 
Fe to hitting an Object, but to adjuſt 

is Charge of Powder by Caſeè 1 1. Page 
88. and direct his Piece according to 
the given Elevation, which he may do 

bt 
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168 The Uſe of the Inſtrument 

by tlie Method deſcrib'd in Page 79. or 
by Dr. Halles Method of fixing a Piece 
of Looking-glaſs Plate parallel to the 
Muzzle of the Mortar, which is ſuppos'd 
to be cut ſquare to the Bore; and to 
raiſe or depreſs the Elevation, till the 
| Object appears reflected from the ſame 
3 Point of the Glaſs, where on a Lead 
Plumbet, hung from the Obſervers Eye, 
falls, r DI ENTIE DDE _l 

I do not pretend to direct En gineers 
in Things 5 are only practical, but, 
as Care and Diligence are as neceſſary 
as Knowledge in every Employment, | 
N hope they will excuſe me for telling 
them that, whether they are the Beſieg- 


ers, or the Beſieged, the Diſtances, Di- 
rections, and Requiſites of Powder for 
reaching any particular Object, or Paßs, 
which their General may think proper 
to attack, or defend, ought all to be 
ready calculated beforehand, when the 
Nature of the thing will allow of it. 
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7 HE N are not of 
- any material Uſeè in the Art of Gunne- 
ry, but as their Demonſtrations depend on 
the foregoing Theory, I thought it not a- 
miſs to inſert them here For, beſide the 
Satisfaction they may probably give the 
curious Readers, there may "perhaps be 
ſome latent Oſe in them which time and 
their farther Conſideration may diſcover. 


The 4th. Property is hinted at by the lear- 
ned Dr. Halley , who ſhews that the ut- 
moſt Limits of the Reach of every Pro- 
Jett, made by the ſame Impetus. is in the 
Curve off a Parabola, &c. but he does not 
there obſerve, that a Line drawn from the 
Engine to any Point in thoſe Limits ſhall 
Paſt through the Focus Point of the reſpec 


tive 'Parabola whoſe utmoſt Limit that J 
Point is, which leads to a very plain and 


eaſy Method to find the Direction neceſſary 
2 to 


(17 
to hit any Object within the Reach of any gi. 
ven Impetus. whether that Object be re 6 
or above the horizontal Level of the Piece. 


The reſt of theſeProperties together with 
thoſe diſtovered by Theo. 13 and 14, and 
Corollary 4th, to Theo. 10th. I have never 
ſeen or heard of before, nor am 1 any wa 
vain of the Diſcovery, tho I inſert them 
here as new, for he is but a ſmall Proficient 
in Mathematicks that could not diſcover 
new Properties in Curves every Day of 
his Life, if he imploy d his Mind that 
Way; yet ſo extenſive is Science, and ſo 
limited human Capacity, that the ſimpleſt 
Curve wou'd afford Imployment to the 
greateſt Genius that ever was, tho he were 
to live à thouſand Tears. | 
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H E Points of Interſection of the Tan- 
gent and Axis produc' d. of every Para- 
bola that can be deſcrib'd by the ſame Impe- 
tus in the ſame vertical Plane, will be in the 
Circumference of a Circle whoſe Radius is 
the Impetus, and whoſe Center the higheſt 
Point of that Impetus. N 


By Cor. 1. Theo. 9. the diſtance FT (Fig. 


9.) from the Focus to the Interſection of the 


Tangent and Axis produc'd, is ſtill equal to 


the Impetus Gf, or GR; and ſince the End f 


(Fig. 13.) of the Line /t is ſtill in the Cir- 
cumference of a Circle, (Cor. 4. Theo. 10.) 
ft, being ſtill equal and parallel to it ſelf, 

the End ? muſt alſo be in the Circumference 
of a Circle, of which it's Evideat E muſt 
be the Center, 


3 


The principal Vertexes V. v. u. &c. (Fig. | 


13.) of every Parabola deſcrib'd by the ſame 
Impetus, Sc. is in the Periphery of an Ellip- 
lis whoſe conjugate Diameter is the Impetus 


4A, and whoſe tranſverſe Diameter is dou- 


ble that Impetus. 


By Cor. 7. Theo. 10. tis evident the prin- 
ipal Vertex v of the Parabola AUM de- 
50 & % ſcrib'd 
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ſcrib'd by an Elevation of 45 Degrees is at the 
reateſt Diſtance poſſible from the Impetus 
A Z, that is p V ens and parallel to A F, = 
A 7Z ; and if the Pirection was in the fame 
Plane on the other Side, or depreis d on this 
Side 45 Degrees, the principal Vertex wou'd 
be in vp produc'd that Way as far diſtant 
from the Impetus AA on that Side as it is on 
this; conſequently 2 p v=2 Hi is the long- 
eſt Axis of the Curve. Now: becaufe F 
v7, (Cor. 2. Theo.g.)andY K = C'u, (Cor. 
9. Theo 10.) the Line vp, praduc'd when 
the Vertexes fall on the other Side, will ſtill 
biſet the Line Vu that joyns the Verrexes 
of any two Parabola's made by Elevations 
equaliy above and below 45 Degrees. Thoſe 
Vertexes are therefore in the Pexiphery of an 
Ellipſis. of EF ane . E. D. 
72SSTT CC.... 

Let Af=AZ=x, and AC = px =, 
(sx being taken any where in the right Line 
pv) then will vx x —yy=Ff C. Bur becauſe 
FLY = Cs, and p u biſects # # from. above, 


yy — Vu. the Oidinate ta the Point 
1; which Equation isexpreffive of an Elf: 
ſis; for, in char Figure the Square of the 
Tranſverſe Diameter, is to the Square of the 
Conjugate, as the Rectangle of any two Ab- 
icilla's, to the Square af che Ordinate; that 
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is, by the Subſtitution and what was faid a- 


bove, 4XX : X * XX — Jp; —— 


. 


which is evidently the Square of 322 


| 2 | 
the Value of found before. & E. D. 


III. 


If C (Fig. 28) is the Place of an Engine, 
and CE its Im , all the Parabola's that 
can be deicrib'd by that Impetus, Cc. will 
have the out Extremities of their Para- 
meters, or that pointing to the Righe- hand, 
in the Periphery of an Ellipſis Z MH C, 
whoſe Area is equal to the Area of the Circle 
Z f NS, defcribed on the Center C with the 
Radius CZ. 


Let Z M be the Diagonal of a Square do- 


ſcrib'd on the Diameter Z N, equal to twice 
the Impetus, and let an indefinite Number 
of right Lines g. Au. Sg. Sc. be ſuppos'd 


to be drawn parallel to Z B or NM. By Cor. 


4. to Theo. x0. all the Parabola's that can be 
deſtrib'd as above, will have their Focus 
Points in the Circumference of the Circle 
£f NS, Ge. and by Theo. 7. the Semi- para- 
meters pr. mu. f g. Sc. are ſtill equal to the 
correſpondent Heights Za. Z K. Z C. Ec. 
or theix Equals ab. K J. CF. Sc. that is 4 6 
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r. Kl nun. Cf=fq. eo X, &c. 

ence, by the Doctrine of Indiviſibles, the 
Triangles Z a b. ZK 1. Z CV. &c. are ſtill 
_ to the correſponding mixt lin'd Figures 

pr. mn. Z fg. &c. and the whole mixt 
lin'd Figure Zi M NF equal to the Tri- 
angle Z NM. or half the Square of the Circles 
Diameter. Now ſince the Line of Direction 
ſtill biſects the Angle between rhe Focus and 
Zenith, (Theo. 9.) if the Direction is horizon- 
tal the Focus Point muſt be in the Nadir at N. 
But if the Direction be depreſſed below the 
Horizon the Focus will be ſome where in the 
Semi- circumference N & Z : But ſtill the 
Semi- parameters in every Point of that Se- 
mi · circumference will be equal to what they 
were in the other: That is at the Point i the 
Semi- parameter is X z= Ze=XF, andat & 
it will de SCS ZC Vg. alſo at d, 4h = ZK 
mn, &c. hence the mixt lin'd Figure Z AN 
MC is equal to the other mixt lin'd Figure 
2 7 LY' M N f, and each to the Triangle 
> 4 | 
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From the ſame Equality of the Semi - pa- 
rameters gy and pr, &c. taken at any Height 
and their Equality to the right Line à 6, &c. 
it follows that the right Lines br =by. /n 
Ih. F C. OJ O A. &c. as alſo that 
Lines, or double Ordinates, yr. Hu. C4. 
&c. are ſtill equal to the correſponding 

| Chords 
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Chords gp. dm. Sf. &c. of the Circle. 
From the firſt of theſe Equations ir follows 
that the Curve in which are all the outward 
orRight-hand Extremities ofthe Parameters, 
Sc. is the Periphery of an Ellipſis, and by 
the 24. that Ellipfis is equal to a Circle whole 
Radius is the Impetus of the Engine. | 


Beſide the Equations before mention'd, I 
ſee no End to what might be found in this 
Figure, as that the Quadrantal Segment 
Z Fp of the Circle is equal to the Elliptical 
Segment Z Cy, (or qg J) and that each 
Part of thoſe Segments cut off or lying be- 
tween the ſame Parallels yp. hm. &c. are 
{till equal. Alſo if right Lines are drawn 
from Z to any two correſponding Points in | 
the Peripheries of the Circle and Ellipſis, as | 
Z p. Z r. or Zm. Zu. the Segments cut off by 
thoſe right Lines will be equal; and if right 
Lines were drawn from Z and C to and M. 4 
the Parallelogram Z MC wou'd be the great- | 
eſt that cou'd be inſcrib'd in the Ellipſis, and | 
equal to aSquare inſ{crib'd in the Circle; Each 
of the Segments cut off by the Sides of the 
Parallelogram wou'd be equal to the Qua- "3 
drantalSegment of theCircle. As alſo that the | 
Space Z Br is epual to the Space FANX, | 
and FM X=C XN, &c. | 


IV, | i 
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: IV. | 
If right Lines are fuppos'd to be drawn 
from rhe Place of the Engine 4 (Fig. 13) 
through the Focus Points of every Parabola 
that can be defcrib'd by the ſame Impetus 
AZ, and terminated by the Curve of each 
reſpective Paradola, as at X ; choſe Points of 
Termination will all be in the Curve of a Pa- 
rabola, whoſe Focus is A. Vertex Z, and 


AT. 


principal Parameter four Times the Impetus 


Buy Cor 4. Theo. 10. all the parabola's that 
can be deſcrib'd by the Impetus A Z have 
their Focus Points in the Circumference of 
the Circle AZ FN. &c. | 
Let A f= x, F being taken any where in 
that Circumference, and FX = X R (Cor. 2. 
Theo.8) = y ; then will AX xy. and 
YX=x—y, but (by 47. 1. EI.) AX1— 
YAXA1=AY1= © X1 ; ( per Figure) that 
is, in Symbols, 4> y= NAL; but 75 XR 
=y, and4x=4 AZ, therefore 4 AZ * Z N 
= 9) X1, whence, and from Theo. 7. the 
Point & is in the Curve of a Parabola whoſe 
Focus is A, Vertex Z. and principal Parame- 
ter four Times the Impetus A 
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